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W. R. Woolrich, President, AS.E.E., 1952-53 


About 45 years ago, the son of a re- 
tired Wiseonsin pioneer dairyman made a 
bargain with the power plant people of 
Mineral Point. 

He would work for nothing until he 
earned to operate the plant. And work 
he did, getting up at 4:30 every morning 
to fire the plant before school time. 

On graduation from high school at 17, 
he was power engineer for a lead and zine 
mining company. (Twenty years later he 
learned he had been too young to hold 
such a position because the state law at 
that time required power plant operators 
to be 21.) 

But came the lightning-like depression 
of 1907 which claimed mining as one of its 
first vietims. One day he shut down the 
plant, “laid it by,” greased all the ma- 
chinery, and drained the boilers. The next 
day he was on his way to Madison where 
he later received two University of Wis- 
consin degrees in engineering—mechanieal 
nd electrical. 

That was the start of W. R. Woolrich, 
College of Engineering dean, Bureau of 
Engineering Research director, and pro- 
fessor of mechanical engineering at the 
University of Texas—and now president 
of the American Society for Engineering 
Education. 

Dean Woolrich has had an interesting 
engineering career which includes work in 
industry, government and edueation—as a 
member of a team of engineering educa- 
tors who helped organize an engineering 
college at DePaul University; Western 
Electrie Company engineer and Interna- 
tional Harvester Company  work-shop 
school director; assistant professor, then 
professor and chairman of the mechanical 
engineering department at the University 
ot Tennessee, and later head of the Ten- 
uessee Valley Authority’s Agricultural In- 


dustries Division. He joined The Univer- 
sity of Texas faculty in 1936. 

Woolrich’s TVA appointment came as 
a result of work he did with the late Dr. 
Harcourt Morgan, then University of Ten- 
nessee president, developing a program 
for interspersion of agriculture and in- 
dustry on the western slopes of the Ap- 
palachian Mountains. The plan was in 
corporated in the Congressional act creat- 
ing the TVA. 

In other government work, Dean Wool- 
rich served as director of a University of 
Tennessee student army training corps’ 
trade school in World War I, regional ad- 
visor and representative in Texas, Louis- 
iana and New Mexico for the U. S. Office 
of Education in World War IT, and ehiet 
scientific officer for a U. S. mission to 
Great Britain in 1948-49 to survey that 
nation’s industry and scientifie facilities. 

He has been an advisor to the Depart- 
ment of Commerce, and U. S. Government 
Patents Board, and U. S. representative 
on the British Fulbright Commission, ad- 
ministrators for the Congress created fel- 
lowships and scholarships involving Great 
Britain. 

At the present, he is chairman of a Na- 
tional Research Council committee to im- 
prove housing in warmer climates of the 
U.S. and other parts of the world. 

Dean Woolrich is very familiar with the 
American Society for Engineering Educa- 
tion’s background, especially its teaching 
and research activities. He was president 
of the Engineering College Research As- 
sociation in 1946-47 when it completed 
plans to merge with the Society for Pro- 
motion of Engineering Edueation to form 
the ASEE. Since then he has served as 
the ASEE’s Southwest Section representa- 
tive, chairman of its International Rela- 
tions Committee and its representative on 
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the Engineering Council for Professional 
Development. 

His activities with other professional 
engineering societies include being na- 
tional chairman of the American Society 
of Mechanical Engineers’ local sections’ 
activities, and a director, and later vice- 
president of that organization; a director 
of the American Society of Refrigeration 
Engineers; twice chairman of the Amer- 
ican Association for Advancement of Sci- 
ence’s engineering section; on the Na- 
tional Society of Professional Engineers’ 
educational committee; and, currently, 








chairman of the Texas Society of Profes 
sional Engineers’ educational program. 

He is the author of several handbooks 
and publications on engineering. 

Although he has many national activ- 
ities, Dean Woolrich has been diligent at 
home strengthening the reputation of the 
College of Engineering at The University 
of Texas. Standards have been raised, the 
number of credits necessary for gradua 
tion increased, an advisory system for en 
gineering students installed and graduate 
level work greatly expanded for all engi- 
neering departments. 














In Recognition and a Forward Look 


3y W. R. WOOLRICH 


President of ASEE, Dean of Engineering, University of Texas 


In the roster of associations of the sev- 
eral scientifie and engineering professions 
of both Europe and America, the Amer- 
ican Society of Engineering Edueation 
has the unique distinction of being the 
first and most effective organization with- 
in any of these professions established 
specifically to promote and develop im- 
proved methods of college and university 
teaching by the teachers and teaching ad- 
ministrators themselves. For nearly sixty 
years these college and university teachers 
of the engineering profession of North 
America have continued to make construe- 
tive and analytical studies of their own 
objectives, methods and procedures and 
also periodically to investigate the com- 
parative methods and results of the engi- 
neering teaching of other nations. 

Within the Society many of us have be- 
come so inured to the many activities of 
the organization that we fail to recognize 
the importance and the impact of this con- 
tinuing program of the several Divisions, 
Sections, Committees, and Councils of the 
American Society for Engineering Educa- 
tion and its two predecessors from which 
it was ereated, viz., the Society for the 
Promotion of Engineering Education and 
the Engineering College Research Associa- 
tion. Eaeh of us should pay tribute to 
this long line of distinguished, competent 
and devoted teachers of engineering who 
have made earnest and sacrificial life-time 
contributions to the art and science of 
engineering education in North America. 

Each new administration that accepts 
the responsibility of serving the Society is 
fortunate indeed to inherit such a birth- 
right. The bench marks have been well 


J 


established from which to project the for- 
ward planning. 

Some of the activities of committees 
nurtured by the Society are of a continu- 
ing nature and any change in administra- 
tion should cause no disruption of their 
effective work in progress. Other fune- 
tions of the ASEE are under the diree- 
tion of committees which require annual 
or biennial changes of personnel by virtue 
of the authority through which they were 
created. To provide this change of per- 
sonnel, yet maintain or increase the effee- 
tiveness of the group, is an obligation of 
the Administration of the Society. 

Retiring President S. C. Hollister has 
recently named two very urgently needed 
Committees that were authorized by the 
Executive Board and Council, the one 
under the leadership of Dr. L. E. Grinter 
on “The Evaluation of Engineering Edu- 
cation” and the other now being organized 
under the Chairmanship of Dr. Richard 
B. Teare on “Improvements of Society 
Function.” The work of these two com- 
mittees is very essential to the future 
progress of the Society and their work 
should result in the development of a more 
closely knit organization in which all mem- 
bers participate. 

Throughout the coming year, by utiliz- 
ing the general framework of the ap- 
pointed and established Committees, See- 
tions, Divisions and Councils, may we 
make it our business to give a renewed 
emphasis to superior teaching. In the 
past decade of war years, it has been 
necessary for many of us to underscore 
creative research in our colleges and uni- 
versities, and many of those who have 
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entered the engineering teaching profes- 
sion during this ten or twelve year period 
have found the research enterprise of 
many departments receiving more recogni- 
tion than the teaching of the engineering 
students. Research in itself should be one 
of ‘the fountain sources of inspiration by 
which the teacher reinforces himself in his 
teaching preparation, and our research 
and administrative contributions should be 
maintained as complimentary to the major 
obligation of doing effective inspirational 
teaching and not in competition with it. 

Very closely integrated with this goal 
of improving our classroom teaching is the 
timeliness of re-affirming our philosophy of 
engineering ethics by taking a strong posi- 
tion with the professional engineering so- 
cieties in requesting them to join with us 
in pronouncing again the CANON OF 
ETHICS OF THE ENGINEER as the creed of 
the professional engineer. Under the dis- 
rupting influence of wars, cracks have de- 
veloped in the moral integrity displayed 
by a few in our profession, especially in 
their engineer-contractor, engineer-archi- 
tect, engineer-salesman or even engineer- 
client relationships. By its very nature, 
engineering cannot afford even micro- 
scopic eracks in its structure if it would 
build for a better profession of tomorrow. 
This administration will accept it as one 
of the duties of the office to obtain co- 
operation of the professional engineering 
societies in this re-emphasis on integrity 
in all channels of engineering enterprise, 
but a re-enforced front all along the line 
of our several committees and in our class- 
rooms in which we again express a new 
zeal for plain honesty, forthrightness and 
morality will be most compensating. 

To meet the urgent need that the uni- 
versities provide North America and many 
other areas of the world with more engi- 
neers with top level, scientifie education 
is a real challenge to all graduate level 
engineering colleges and universities. It 
should be a matter of deep concern to all 
of us in America that a disproportionate 
number of the best educated and trained 
engineers of the world came from Euro- 
pean and British universities up to the 


advent of World War II. With the res 
toration of Europe, much of this leade; 
ship in advanced fundamental engineering 
science can be expected to be claimed 
again by the scientifie educational centers 
of Western Europe if we of America ean 
not meet the need. 

The future pattern of American en: 
neering education will probably eall tor » 
large number of men with diplomas from 
the technical institutes, a somewhat smaller 
number who will reach the level of their 
best usefulness and service at the ba: 
calaureate level, still a smaller select grou) 
who should receive instruction through the 
Master’s level, then a highly seleeted group 
who should receive instruction by orga 
ized programs designed to carry met 
through the doctorate and post doctorat 
to possible levels far in excess of anything 
we have attempted on this side of the 
Atlantic to the present day. The building 
up of a very high level scientifie and engi 
neering educational system within North 
America for a selected portion of our 
capable candidates is even of greater im 
portance than that we meet the growing 
deficieney in numbers of capable engineers 
at the baccalaureate grade. 

Those who wrote the present Constitu 
tion of the American Society for Engi- 
neering Education were desirous of em 
phasizing that this was a society of en 
gineering educators from the American 
Continent. From earliest days of the So- 
ciety for the Promotion of Engineering 
Edueation the engineering teachers ot 
Canada have been active participants. In 
fact, the Fifth Annual Meeting of the 
SPEE was held at the University of 
Toronto and the 39th at MeGill Univer- 
sity. 

As a Society let us not overlook our 
great opportunity to establish closer bonds 
of professional fellowship with those 
teachers in our own profession in South 
America, Great Britain, Europe, and Asia. 
There is much evidence that the time 1s 
appropriate for us to invite closer co 
operation in engineering education be- 
tween the engineering schools of North 
America and those established in other 
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areas of the globe. We in North America 
have been the recipients of much of the 
scholarly work in science and engineering 
of Great Britain and Europe for over two 
hundred years. Some of the finest contri- 
hutions made to engineering education in 


the United States came from our members 
who received their initial education and 
inspiration from British and European 
universities. In this as in other inter- 
national relationships we will profit most 
by giving most. 








Reserve this date... . 


June 22-26, 1953 


ANNUAL MEETING 


UNIVERSITY OF FLORIDA 
GAINESVILLE, FLORIDA 








In the News 


Eight members of the 24-member Na- 
tional Seienee Board of the National Sci- 
ence Foundation whose initial two-year 
terms expired on May 10, 1952, have been 
reappointed by the President for full six- 
year terms, ending May 10, 1958. 

Following is a list of members of the 
oard receiving reappointments: Sophie 
D. Aberle, Special Research Director, Uni- 
versity of New Mexico, Albuquerque, New 
Mexico; Robert P. Barnes, Head, Depart- 
ment of Chemistry, Howard University, 
Washington, D. C.; Chester I. Barnard, 
Chairman of the Board, and retiring Pres- 
ident, Rockefeller Foundation, New York, 


N. Y.; Detlev W. Bronk, Chairman of the 
Executive Committee of the Board, Pres- 
ident, The Johns Hopkins University, 
Baltimore, Maryland; Gerty T. Cori, Pro- 
Biological Chemistry, School 
of Medicine, Washington University, St. 
Louis, Missouri; Charles Dollard, Pres- 
ident, Carnegie Corporation of New York, 
New York, N. Y.; Robert F. Loeb, Bard 
Professor of Medicine, College of Physi- 
cians and Surgeons, Columbia University, 
New York, N. Y.; Andrey A. Potter, 
Dean of Engineering, Purdue University, 
Lafayette, Indiana. 


fessor of 





A Goal for American Engineering Education’* 


By 8S. C. HOLLISTER 


Dean of Engineering, Cornell University 


During the past two years this Society 
has been deeply concerned over the short- 
age of engineers which became apparent 
about three years ago. This shortage is 
deepening in accordance with earlier pre- 
dictions, and will not reach its lowest 
point for another year or two. 

The situation has raised many import- 
ant questions relating to overall man- 
power of the nation. That we are engaged 
in a vast technological struggle is gen- 
erally recognized. At the same time, the 
technological character of our economic 
and social system is at the highest point 
in history, and is continually accelerating. 
Overlying these is the urgent necessity for 
men in military service. As a people we 
have become accustomed to the mistaken 
idea that the source of America’s strength 
is inexhaustible. Some are now beginning 
to realize that, as with strategic materials, 
there is a limit not only to manpower 
itself but also to various categories of 
capacities and abilities of men. There is 
a limit to what we may expect from cam- 
paigns to solicit more engineering students 
from among the high school graduates. 
In turn there is a limit to the number who 
may graduate from high school. And 
there are other learned fields to be serviced 
besides the field of engineering. 


A Limit to the Source of Supply 


At various regional meetings during the 
past year I have spoken about the likely 
limits of flow from high school into the 
engineering colleges. If we assume that 
the intelligence level for the learned pro- 
* Presidential Address, ASEE Convention, 
Dartmouth, 1952. 
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fessions lies above an I.Q. somewhere |); 

tween 115 and 120, we find that 120,00 

males of a given age group, say 18, ay 
available for annual entry into these fiel\(s 
This number of youth must supply medi 
cine, science, engineering, law, theology, 
and the upper levels of the teaching pro 
fession. The number must be discounted 
to allow for those who are lacking in an 

bition, emotional stability, perseverance, 
physical fitness, or economic means. It 
would appear that under normal circum 
stances less than 40,000 freshmen may be 
expected annually to enter the engineering 
schools. Thus the number of males of a 
given age group having an_ intelligence 
level suitable for the pursuit of engineer 
ing study is a fixed percentage of the age 
population, a percentage which we have 
reached in our current freshman enrol! 
ment of 38,000. 

If by artificial stimulation a_ large: 
number than 40,000 is persuaded to ente1 
engineering schools it will probably be at 
the expense of enrollments in the other 
learned fields. It must be remembered 
also that to some extent a number ot 
schools are admitting students possessing 
a lower intelligence level than 115 to 120 
They will be successful or not, academ 
ically, in accordance with the level of the 
program in such schools. 


Need for Engineers Increasing 

Surveys indicate that the present need 
of industry and other agencies for eng! 
neers is of the order of 80,000. The num 
ber of engineering graduates this year and 
in several coming years being 20,000 01 
less, it is clear that we are markedly short 
of meeting the need. It must further 
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recalled that with the operation of the 
present R.O.T.C. and other military pro- 
grams, substantially more than half of the 
engineering graduates may go directly 
into military service for two or three years 
at least, during which time they will for 
the most part not be used in technical 
work. They would be available to in- 
dustry only after return from service, by 
which time their training will have been 
dulled to some extent due to technical in- 
activity. 

Assuming that we are in an interna- 
tional situation which will persist for 
many years, it becomes clear that con- 
tinuity of edueation at least for all of the 
specialized personnel necessary for our 
social, political, economie and military 
system must continue in full force. The 
present Selective Service policy is clearly 
based upon this concept. It is placed in 
jeopardy, however, by the mistaken con- 
cepts in the public mind relating to demo- 
eratie practices. It is thought to be demo- 
cratic, for example, only if ali boys of age 
19 at once enter military service. It is 
overlooked that in addition to equal obli- 
gation for service each man should serve 
in his maximum eapacity. It is over- 
looked also that a democracy must have 
Jeaders at all levels, and that people cap- 
able of leadership in a democracy have an 
obligation to exert such leadership. All 
of these misconceptions are also endanger- 
ing sound policy relating to the training 
of leaders which is, or at least should be, 
the prime concern of our institutions of 
higher education. 

According to the census there was one 
engineer to about 250 workmen at the 
turn of the century; today there is one 
engineer to about 50 workmen. As in- 
dustrialization has intensified, the number 
of engineers necessary to operate the sys- 
tem has rapidly increased. However, it 
should be noted that this increase is not 
going to continue, since as described ear- 
lier, the number of freshmen normally 
entering engineering is a fixed percentage 
of the age population, and this percent- 
age is not likely to increase. Thus the in- 
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crease of engineers as percent of the pop- 
ulation has reached a stopping point. 

We have not reached a stopping point, 
however, in the increased need of engi- 
neering services in our modern economy. 
In fact, as it becomes more and more com- 
plex, the number of engineers needed is 
constantly inereasing. At the same time, 
the level of knowledge of the engineer is 
constantly advancing. This gives rise to 
the need for some study of the engineering 
profession itself—how it is constituted, 
and how it renders its service to society. 


Reorganization of Professional 
Function Necessary 


According to the census, there are 
approximately 450,000 engineers in the 
United States. This is more than double 
the number of scientists or doctors. Why 
this great difference? 

The medical profession has long since 
had the services of nurses, therapists, lab- 
oratory technicians, and others trained in 
the support of operations surrounding the 
work of the doctor. Thus the health serv- 
ice is directed by the doctor, but is fur- 
nished by the entire group working as a 
team. The same is true with the service 
of the scientist, who is supported by 
mechanicians and laboratory technicians 
of a wide variety. 

In the engineering profession, however, 
many college graduates get no further 
than the junior positions in the profes- 
sion, or are utilized in peripheral activities 
relating to, but not a part of, the profes- 
sion itself such, for example, in salesman- 
ship, advertising, marketing, ete. Some 
personnel from trade schools or from 
technical institutes serve as engineering 
aides in the drafting room, laboratory and 
field, but their numbers do not bear the 
proportion to the number of engineers 
that would be true, for example, of aides 
in the medical profession. 

In industry there is a tendency to use 
the junior engineer in a wide variety of 
services for which engineering training 
is admittedly good, but not absolutely es- 
sential. Furthermore, so long as the sup- 
ply in the past has held up at a good level 
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it has been possible for employers to con- 
tinue the use of these men in junior posi- 
tions for longer periods than would be 
justified in terms of their training and 
experience. 

As matters now stand it appears that 
we have reached a turning point in the 
profession. With the percentage of the 
population to be made into engineers no 
longer on the inerease, but with the 
amount of engineering service needed in 
the economic system constantly accelerat- 
ing; and moreover with the evidence of 
the disparity of these two situations 
abundantly evident before us, it now be- 
comes clear that a complete reorganiza- 
tion of the profession must take place over 
the next few years if the engineering work 
of the future is to be achieved at the level 
demanded by our economic system. 

It also becomes clear that in this grad- 
ual readjustment three major factors will 
have to be given special attention : 


1. the training of more aides to support 
the engineers; 
the change in practice of utilization 
of engineers by industry and other 
agencies employing them; and 
the education of the engineers them- 
selves. 


It is this latter consideration that is of 
prime concern to us as members of this 
Society. 


Problems in Engineering Education 

The Engineers’ Council for Professional 
Development, in a report on Adequacy 
and Standards of Engineering Education, 
calls attention to the fact that in most 
engineering colleges the curricula in at 
least civil, mechanical, mining, and elee- 
trical power engineering have not changed 
materially in the last forty years. The 
;Council views this as evidence that the 
‘eurricula in these fields are not keeping 
abreast of professional and industrial de- 
mands. This report was referred to this 
Society for its immediate consideration. 
It has been published in the Journal. 

Prior to World War II a number of 
engineers trained in Europe were from 


time to time taken into industry and | 
the colleges to strengthen our engine ring 
staffs. Since the war there has bee; 
considerable number of these European 
engineers who have come to this coy 
try. Those trained on the continent w 
trained under a system in which the wo; 
for the first degree was equivalent 
about one year beyond the master’s dex 
in most American engineering sehou)s 
With such training they stand out s 
tacularly in our engineering statis 
have made significant contributions. 

The introduction of European trained 
personnel is not peculiar to the engineer: 
ing profession. In the fields of math 
matics, physies and chemistry are to | 
found many scientists trained abroad 
Prior to World War II it was commo: 
practice to send many of our America 
students to be further trained in Europe, 
particularly in Germany. With the dis 
ruption of European education brought 
about by World War IT this practice has 
practically stopped. 

Dr. Wickenden, in his famous report 01 
engineering education made to this Societ 
in 1929, said at that time: “Technical 1 
search has depended in large measure 01 
men of European training or upon me! 
trained in pure science. These conditions 
are gradually being corrected, but Amer 
ican engineering is still far from being 
self-sufficient on its higher intellectual 
levels.” In the twenty years since that 
statement was printed the situation has 
not materially changed, except in isolated 
areas. 

Many engineering educators who might 
have undertaken to stimulate membership 
in technical societies from among their 
students have heard the remark by these 
students that they find little that they can 
understand in technical literature pub- 
lished in the Society Transactions. To the 
extent that this may generally be the case 
among our engineering graduates, it repre 
sents correspondingly the extent to which 
our graduates may not be able to keep 
abreast of future developments as they oc 
cur. If they cannot understand the litera- 
ture that is at present current, how are 


re 


per 
I 
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they to keep abreast of the developments 


of the future? 

It has been said that much of the ad- 
vanced literature appearing in the Trans- 
actions is written by people having gradu- 
ate degrees and that therefore it is neces- 
sary to have graduate instruction before 
one may be expected to understand the 
material in sueh Transactions. If this be 
true, would it not tend to limit the mem- 
bership to those who have done graduate 
work? Would it not be a better policy to 
strengthen the backgrounds in mathemat- 
ies and science in our undergraduate pro- 
grams to such an extent that a man 
through self-study may come to under- 
stand the technical literature and thus 
keep abreast of developments in his field? 

It has been observed that the shortage 
of engineers has been considerably in 
tensified because graduates of earlier years 
cannot cope with the problems now before 
us. If this be true, and there appears to 
be abundant evidence to support the state 
ment, it arises from either of two sources : 
either the training has greatly obsolesced 
in value to the individual, or it was not up 
to the proper level in the first place. 
While it is always true that one cannot 
anticipate the nature of professional prac- 
tice a couple of decades hence, it is in 
general possible to instruct in the basic 
principles to the extent that will make it 
feasible for the individual to keep abreast 
of such developments through reading. 
Studies of case histories would indicate 
that in the main the engineering training 
in the past has not been of sufficient 
strength in terms of basie principles to 
allow the individual to keep abreast of 
modern developments. 


Evolution of American Engineering 
Education 

Perhaps a better understanding of the 
present situation might be had by review- 
ing briefly the evolution of engineering 
education in this country. In 1866 there 
were about six engineering colleges of 
established reputation, and only 300 men 
had been graduated in the previous 31 


years. By 1870 the number of engineer- 


ing colleges had risen to 21 and the num- 
ber of engineering graduates to 866. By 
1896 the number of institutions had in- 
creased to 110, and today the number is 
192, of which 148 have one or more eur- 
rieula accredited. 

In 1896 an attempt was made by this 
Society to rate the schools then existing. 
There were 31 Class A colleges requiring 
for entrance at least through 
quadraties, plane geometry, solid geom- 
etry, or plane trigonometry. There were 
33° Class B requiring algebra 
through quadratics and plane geometry. 
There were 25 Class C colleges requiring 


algebra 


. wre 
colleges 


less than algebra through quadraties and 
plane geometry. There were 18 Class D 
colleges not offering complete courses in 
engineering, but giving analogous work, 
and there were three Class E colleges hav 
ing no entrance requirements as such but 
doing work of an engineering nature. It 
was in this situation that this Soeiety, 
organized in 1893, began its work. There 
is no question but that the leading spirits 
in engineering edueation, through this So- 
ciety, exerted great influence in the raising 
of standards of the schools during the 
early part of the present century. 

During that first decade of the present 
century the four-year engineering cur 
riculum was pretty well erystalized. Its 
major features have remained practically 
constant in the older curricula for the past 
forty years. 

Wickenden comments that “By 1900 it 
was generally recognized that American 
laboratory installations and methods for 
the teaching of engineering were not sur- 
passed and not often equalled in any other 
part of the world. As much could not 
rightfully be claimed, however, for much 
otf the theoretical instruction and 
cially for instruction in design.” An ex- 
amination of curricula of 1910 and of the 
present day indicate that not very much 
has been done respecting either the sci- 
ence content or instruction in design, even 
though Wickenden’s observations were 
written over twenty years ago. 

In this country we have relied heavily 
upon the laboratory report and problem 


espe- 
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methods of teaching. In Germany, for a 
number of decades, it has been the policy 
to use the project method during the last 
two years, focusing largely upon design. 
The project method encourages resource- 
fulness, ingenuity, and individual judg- 
ment, whereas the problem method en- 
courages belief in one and only one solu- 
tion, and mitigates against resourceful- 
ness, ingenuity, or individual judgment. 

In this country, after the turn of the 
century, came the great development in 
most of the engineering schools connected 
with the land grant colleges and state uni- 
versities. Curricula were patterned after 
the prominent schools of the day, although 
not generally at the same level of opera- 
tion. By the end of the first world war 
the major development of engineering 
schools had oceupied a period of only 50 
years. 

Between the two world wars many engi- 
neering schools were preoccupied with the 
problem of the peripheral areas, such as 
the relation between engineering and busi- 
ness, sales engineering, and contiguous 


areas in which only a superficial know]- 
edge of engineering would be necessary in 


order to carry on the work. There re- 
sulted the establishment of a considerable 
number of programs of less than standard 
quality so far as the engineering content 
was concerned, although the programs 
themselves had significant value. While 
this was going on there was very little 
strengthening of either the scientifie or the 
engineering content of the curricula. 

It was at the end of this period that 
World War II burst upon the scene. It 
was soon made abundantly clear that a 
great many graduates of engineering 
schools of even recent date could not then 
cope with the problems with which this 
country was faced. 


Comparison with European Education 


From the foregoing, it may be seen that 
the development of engineering education 
in this country has received its stimulation 
largely from within the teaching profes- 
sion. In Europe the programs in engi- 
neering education have been influenced by 


the strong part played by the state and 
the engineering profession. In Ger an 

under such guidance, the pattern of ¢), 
technische hochschule was being well ; stab 
lished at the time that our engineering ¢o). 
leges were just beginning to emerg, 
Seven of the eleven hochschulen were so 
up between 1870 and 1879—two more 
were added by 1885, and the last two jy 
the early part of the 20th century. [t js 
worthy of note that the eleven hochschyley 
served a population of 80 million people, 
while in this country with a population 
of 160 million we have 192 engineering 
schools of various levels. 

In Switzerland the Federal Polytechnic 
School at Zurich was organized in 1854 at 
the university level. It exerted consider- 
able influence upon the development of the 
schools of Germany and Italy. 

We know that, following the war, man) 
yerman scientists and engineers were taken 
behind the Iron Curtain. Undoubtedly 
the Russian schools which are patterned 
roughly after the German technische hoch- 
schule have been greatly strengthened by 
this inflow of German-trained technical 
men. We learn from our own technical 
press that up to 1948 Russia was graduat 
ing about 30,000 engineers a year and 
about 70,000 technicians a year. While 
I am told that the Russian schools are 
deficient in laboratories such as are em 
ployed in engineering schools in this coun 
try, the technical content is at least equiy- 
alent to that for the master’s degree in 
most American schools. 

The great success of the 
schools on the continent of Europe has 
been made possible by the quality of prep- 
aration received by the students entering 
such schools. In our own country the 
high school system, which now graduates 
half of a given age group, has reached 
proportionately more youths than similar 
schools in any other country. By the 
same token the students are not so highly 
selected and hence cannot receive so strong 
a preparation as was true in the German 
gymnasium. The effect upon our univer- 
sity and technical college system is 0! 
course that we must pick the student up 


technical! 
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an earlier point than would be true in 
technische hochschule in Germany or 


at 
the ‘ 
Switzerland. In planning our programs 


we should not be guided by the number of 
years spent by the student in our uni- 
versity or technical college system so much 
as we should be guided by the quality of 
the end result of the total program offered 
the student. 

A Program of Action 

| have appointed a committee, under the 
chairmanship of Vice President Grinter, 
whose prime function will be to aid in the 
stimulation of a thorough review of our 
engineering educational procedures judged 
in the light of the technical needs that 
may be required in all parts of this coun- 
try. It is the hope that every campus will 
have an active, thoughtful and far-seeing 
committee working on this problem for 
the purpose of development of a policy 
respecting the quality of engineering edu- 
cation that ean be used on a national scale. 

This study should be made not alone 
with respect to the meeting of the im- 
mediate needs of the profession and of the 
country. Students now being trained in 
our colleges will be responsible for the 
professional attainment over the next 
three decades. This need, as well as the 
present need, must be serviced by the 
training we are giving now. 

I would urge all who have a part in this 
study, and in the training of engineers for 
their future service to their community 
to see that due provision be made for the 
development of intellectual and moral 
growth on a broad base. We must not be 
caught in the act of preparing for a 
world of materialism alone. Materialism 
has its distinet use, but it occupies one 
part in a full life which must preserve and 
enhance its cultural and spiritual values. 

I do not wish to be interpreted as 
recommending the adoption of the tech- 
nische hochschule system in this country. 
We do not have the preparatory training 
necessary to support such a system. It is 
clear, however, that some of our schools at 
least should attain a level of training com- 


parable to that attained by the technische 
hochschule. 

Since in the future engineers themselves 
are not going to be available in numbers 
sufficient for use as engineering aides, it 
will be necessary to see to it that such 
aides will be trained in adequate numbers. 
It is essential also that the training for 
engineering aides be well articulated with 
training at higher level so that good stu- 
dents capable of advancement to higher 
level training may transfer easily without 
serious loss of time. 

It may possibly be worthwhile for eer- 
tain schools having the necessary strength 
of staff to undertake a program of train- 
ing at a more advanced level than is com- 
monly employed in engineering schools to- 
day. If such programs are undertaken, 
however, they should be articulated with 
programs at other levels. 

In review of the foregoing discussion 
it seems clear that consideration should be 
given to a number of important factors, 
among which we could list the following: 


1. The levels at which different types of 
programs would terminate, and the 
manner of articulation between pro- 
grams. 

. The overall length of programs in 
order to achieve their objectives. 
The extent to which existing pro- 
grams should be strengthened by fur- 
ther training in science. 

. The manner in which science training 
in a given program may best be ex- 
ploited throughout the remainder of 
the program 

5. The manner in which creative work, 
such as design and development, may 
be enhanced by training techniques 
during the course of the program. 

. The character of staff necessary to 
carry out the whole enterprise. 


Obviously there are other factors that 
should properly be included in so large a 
study, but these will become evident as the 
study is carried forward. 
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The Society’s Responsibility pend on quality rather than num! 
America occupies a peculiar position in UF engineering and scientific positic, 
the world today. As a nation we are We are now substantially on our o\ 
obliged to be ready at all times adequately no opportunity to draw upon men tr 
to defend ourselves. More than this, we Other places for specialized leaders)iiy 
have made it clear that we will aid others this country. 
to defend the freedom of men wherever This Society, constituted as it is | 
their subjugation is threatened. We look all phases of engineering education, ha. 
upon these freedoms in the historical sense the grave responsibility of leaders}i) 
that they have been hard won over cen- technical education, not alone fo) 
turies of struggle, and we do not propose selves but for that whole segment of th, 
to lose them without a fight to the finish. world that looks to us for leadership, 4 
To be effective either by ourselves or in parts of the Society share in this » 
concert with our neighbors we must de- sponsibility. 


Last Call 


for 


Learning Aids to be Reviewed 


by the following divisions of the Society 


CIVIL ENGINEERING 
ELECTRICAL ENGINEERING 
MECHANICAL ENGINEERING 

MECHANICS 
MATHEMATICS 


These are to be published in a catalogue by the ASEE Committee on 
Teaching Aids in approximately June of 1953. Items for review must bé 
received by January 15, 1953. 

Will you please help this activity of the Society by doing one or more 
of the following: 


. Send us models, pictures, drawings, charts, ete. that you have made 
as learning aids. 

. Send us information of any of the above which have been made by 
your colleagues. 

- Let us know of industrial learning aids which you have used and 
liked, wholly or in part. 


Any offer of a learning aid to be reviewed should be submitted to the 
Chairman of the Teaching Aids Committee 
Professor Carl] W. Muhlenbruch 
Northwestern Technological Institute 
Evanston, Illinois 


The offer will be forwarded to the appropriate reviewing committee. 





Military Research in the Universities 


* 


By JAMES R. KILLIAN, JR. 


President, Massachusetts Institute of Technology 


As the representative speaking on this 
nanel in behalf of the universities, I am 
nder obligation to make my _ personal 
opinions and biases perfectly clear. I 
ead an institution which has reluctantly 
felt it necessary in the publie interest dur- 
ing the past twelve years to engage in 
wilitary research on a substantial seale 
and which looks forward eagerly to the 
time when this will no longer be necessary. 
| reflect this policy and experience of my 
nstitution. I am aware of the hazards 
and difficulties inherent in military re- 
search and share the apprehensions about 
it which have been expressed by numerous 
I speak out of experience in 
saving that the conduct of large classified 
military research projects imposes vexing 
and heavy burdens on the university. 

Except in time of war, the acceptance 
by universities of large research projects 
levoted to classified development work 
which is the kind of sponsored research 
liseussed in this paper) ean be justified 
uly on the basis of national need, by the 
fact that the university is uniquely quali- 
fied to do the work, and by the possibility 
that the research will advance education. 
A technological institution has special re- 
sources Which impose on it a responsibility 
to undertake military research different 
from an institution such as a liberal arts 


] 
college, 


edueators. 


In this period of rearmament, the uni- 
versities and university faculties generally 
nust undertake defense research and other 


*ASEE Meeting at Dartmouth Panel on 
‘‘The Impact of Government-Sponsored and 
Government-Operated Laboratories on Uni- 
versity Teaching and Research’’—The Uni- 
versity Viewpoint, June 24, 1952. 


emergency services for the government be- 
cause these services are needed. They 
must their proper share of re- 
sponsibility in meeting the security needs 
of the nation. Thus they are faced with 
the difficult dual responsibility of assisting 
the government in its immediate emergency 


accept 


needs while at the same time preserving 
as fully as possible their basie and long- 
range activities in education and research, 
which is their primary responsibility. 
Normally, all the activities of the univer- 
sity should be tested by their contribution 
to the advancement of knowledge. 

Is it possible to discharge this dual re- 
sponsibility? Not without some sacrifice 
ot long-term goals in my judgment. Our 
problem is to minimize this sacrifice. 

With this statement of my personal 
views, let me now turn to some quantita- 
tive facts about the over-all situation. 


Research is a Huge Business 


The conduet of researeh, together with 
the allocation of research funds, has be- 
come a huge business in our country. In- 
formed estimates of the total expenditures 
for research in the United States approx- 
imate three billion dollars a year, a sum 
almost as large as the total federal budget 
twenty-five years ago and now equal to 
about one per cent of the national prod- 
uct. Who pays for this research? At the 
present time the government pays for 55 
per cent, industry 40 per cent, and the 
universities 5 per cent. Ten years ago 
industry paid for 60 per cent, government 
35 per cent, and the universities again 5 
per cent. The 1952 figures, of course, re- 
flect the great expenditures by the govern- 
ment for defense research. But the sig- 
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nificant fact that remains is that the gov- 
ernment has become the chief agency for 
initiating and financing research. 

We all can join in hoping that this is a 
temporary condition dictated solely by 
national security requirements. 

The distribution of the research dollar 
is of course less significant that the dis- 
tribution of the research man. The best 
available figures show that at the present 
time there are some 600,000 scientists and 
engineers in the United States. Of this 
total, about 70,000 scientists and 55,000 
engineers, or a total of 125,000, carry the 
research load of the nation. Of this total 
of 125,000, some 60 per cent are in private 
industry, 33 per cent in government, and 
10 per cent in universities and other non- 
profit institutions such as hospitals. If 
these estimates are correct, the principal 
load of basic research in the United States 
is being earried by about 12,000 scientists 
and engineers. The last estimate which I 
have seen indicates that of this number, 
about 9000 to 10,000 are in the universities, 


the remainder being in hospitals and other 


non-profit institutions. It is this small 
handful of men on whom the nation is 
dependent for most of its uncommitted re- 
search as well as a great volume of ap- 
plied reseach. This is the most graphie 
way I know of for pointing out how im- 
portant it is that we provide the best pos- 
sible conditions for this handful of men 
to carry out their work effectively and 
that we give them support in the form 
that will free them for creative activities. 
It is also the most graphie way available 
to point up the disproportionately small 
amount of our total creative scientific 
manpower effort that is going into basic 
uncommitted research. 

Twenty years ago, 15 per cent of the 
nation’s total research expenditures came 
from funds possessed by the universities. 
To a considerable extent these were funds 
that permitted free and uninhibited use. 
Today the universities on their own have 
funds which are equivalent to only 5 per 
cent of the total national research ex- 
penditure. Is it not proper to conclude 
that they have lost freedom of action in 


proportion to this decrease in the pe 
age of total expenditure, even thou 
have greatly increased funds availa) 
them for research. 

This is a function of funds, of emphas: 
of environment, and of men. The fy Ie 
hardest to come by in my experience 
relatively small funds to exploit some 
idea that does not yet justify support 
the form of a specifie grant by an outs 
agency. By contrast, it is relatively easy 
to obtain funds for research projects yw: 
under way. We need venture capital i: 
education no less than in our econon 


eT 


Need for Fundamental Researc| 

No group appreciates more clearly | 
this one the need for a strong program i: 
fundamental research; of that I am suv 
But I am also sure that we have bee 
more successful in talking about the 
portance of fundamental research than wi 
have in doing something about it, and | 
need only to point to the reluctanc 
Congress up until this point to make ad 
quate funds available to the National S 
ence Foundation. This failure to support 
the Foundation with funds has been a loss 
to basic science and the long-term weltiar 
of the nation. Funds are far more readily 
available for applied programmatic 1 
search than they are for uncommitted 1 
search. Every research institution 
I know feels its hands tied because most 
of its research funds are restrictively ear 
marked for specific use. We 
mobile reserve troops to rush in to exploit 
a breakthrough; no funds free for recor 
naissance of new terrain. This may seem 
strange in the face of the fact that total 
research expenditures in this country hav 
increased ten times in the last twenty 
years, but it is true nevertheless. 

The situation is much better than 
otherwise would be because of the well 
conceived basic research policies of the 
government agencies which contract fo 
research in the universities. The Office o! 
Naval Research has done a superb job in 
stimulating and supporting basic research 
In the Department of Defense, the Re 
search & Development Board has steadil) 


have n 
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supported the concept of basie research in 
those areas where the advance of knowl- 
edge is important to the military effort. 
The Department has only recently reaf- 
firmed this poliey, which provides for the 
support of basie research performed as 
an integral part of programmed research 
committed to specifie military aims and 
for the support of academic research that 
promises ultimate military application. 
The limiting factor here, of course, is the 
test which must be applied that the re- 
search promises ultimate military applica- 
tion. The National Institute of Health, 
the Atomie Energy Commission, and other 
vovernment agencies have been similarly 
coneerned with the support of basie re- 
search. 

The magnitude of the defense research 
program at the present time is of course 
the largest part of our total national re- 
search effort, both in terms of dollars and 
men. It is here that the shortage of man- 
power begins to pinch. There is no ques- 
tion but that the manpower resources are 
thinly spread. This is especially true in 
terms of the handful of people who have 
the imagination and creative powers to 
provide the leadership required for steady 
progress. Perhaps our most critical pres- 
ent problem is how to utilize more effi- 
ciently this small number of available 
leaders. 


Training of New Leaders 


Related to this problem is the training 
of new leaders. With the present man- 
power spread as thinly as it is in our uni- 
versities, are we maintaining the quality 
of advanced education that is so essential 
and are we providing the environment in 
which the truly creative mind has the best 
opportunity to develop and to do creative 
work? 

Again the answer must be qualified and 
not a clear yes. Some gifted teachers 
have shifted from teaching to military re- 
search. The interest of others has been 
divided or diverted. As a result there has 
been an undeniable loss in total teaching 
and research effectiveness. There is also 
some evidence that we have not been 


educating in this postwar period as many 
highly creative minds as we might have 
expected. Offsetting this is the fact that 
government research has increased our 
capacity to train advanced students and 
has frequently improved the quality of our 
education. In the engineering field, espe- 
cially, government-sponsored research pro- 
vides enlarged thesis projects which have 
given a new dimension to graduate train- 
ing. The larger-scale projects afforded by 
sponsored research enable young engineers 
and scientists to acquire research tech- 
niques which can be learned only by 
participation in organized team research. 
Some of the sponsored research labora- 
tories in universities have been superb 
training grounds for research engineers 
by providing them with the experience 
which has accelerated their creative con- 
tributions to industry. 

Any casting up of debits and credits 
must lead to the conclusion that in the 
long term, a heavy burden of classified de- 
velopment research will be a handicap to 
our universities and in the long run a 
handicap to the security of the nation. I 
must agree with Whitehead when he de- 
fined the task of the university “as the 
creation of the future.” This is especially 
true of our schools of science and engi- 
neering. But they also must help protect 
the future by aiding our defense in the 
current emergency. 

All of us share the hope that the mili- 
tary responsibilities of our universities 
ean be reduced as rapidly as consistent 
with national security and that we can 
concentrate on our main objective—the 
unhampered advancement of knowledge. 
We hope for a condition where the best 
minds in science and engineering in the 
universities will feel it proper and of first 
importance to give primary attention to 
long-range goals. 

One of the best ways for the employ- 
ment of our university personnel for mili- 
tary purposes is the Hartwell type of 
project, or study group. Under this ar- 
rangement, a group of highly qualified 
men come together for a brief period of 
time and examine a problem in a fresh 
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and uninhibited way. Several projects of 
this kind have been enormously produc- 
tive, having made major contributions to 
military thinking and planning. A major 
advantage of this type of use of scientific 
manpower is that it does not uproot the 
men nor divert them from their normal 
educational and research activities except 
for a brief period of time. 

This study-project technique also aids 
in informing an increasing number of 
qualified scientists and engineers about 
military problems and thus builds up an 
informed pool of men ready to help in a 
more critical emergeney. 

There are a number of large research 
projects with military objectives managed 
by the universities. These projects are 
vitally important and must be seen 
through. It is important, however, so to 
manage these projects that they do not 
improperly or seriously disrupt the edu- 
cational programs of other institutions 
through unreasonable competition for 
manpower, particularly through exces- 
sively high salary incentives. These large 
projects are being managed carefully to 
avoid this effect, and it is now clear that 
they can be handled without seriously 
weakening the over-all educational re- 
sources of the country. It must be said, 
however, that these projects cannot get as 
many top-flight men as they need for max- 
imum effectiveness. We must accept this 
shortage as a necessary balancing of forces 
if we are to continue an adequate amount 
of fundamental educational and research 
activity while serving the government’s 
military needs. 


Financial Aspects 


Let me now turn to some financial as- 
pects of sponsored research. For many 
years the research activities of our non- 
profit institutions have been largely sup- 
ported by grants in aid, which pay only 
a part of the total cost of the research. 
The institution has been expected to take 
care of all indirect costs together with the 
salary of the principal investigator. Now 
this system would have been fine if the 
resources of our institutions increased in 


proportion to the increase in the. volyme 
of research, but this has almost never 
happened. We have witnessed a great in. 
crease in the total volume of grant-in-aid 
research while the effects of inflation wor 
actually reducing the institution’s own jp. 
come. Frequently we in the institutions 
have not recognized the impact on oy, 
economies of these opposite trends and we 
have steadily ineurred added indirect ex. 
penses while happily watching the total] 
volume of grants-in-aid increase. The 
reckoning has been inevitable and many 
institutions are now beginning to realize 
that they can pile up grants-in-aid until 
they bankrupt themselves. 

This is not a problem primarily for the 
agencies making grants-in-aid. It is a 
problem primarily for the institutions re- 
ceiving these grants. We should not de- 
lude ourselves that grants-in-aid do not 
cost anything. We should also realistically 
budget funds for our part of the cost of 
the grant-in-aid so that we know what 
our own contributions are toward the costs 
of the project. We in the research and 
educational institutions need a better cost 
accounting of our indirect research costs. 
My own experience with the budget of an 
educational institution indicates that the 
overhead cost of this kind of institution 
approximates 50 per cent of the salaries 
and wages of the personnel working on 
research. Some institutions run _ higher 
than this, others somewhat less, depending 
in part upon the volume of research whic! 
is done. 

It is my personal conviction that the 
federal government must face the problem 
squarely now that it is financing about 55 
per cent of all the research in the country 
and is spending many millions of dollars 
on research at non-profit institutions. 
This vast research expenditure could do 
serious damage to the economies of these 
institutions if it were handled purely on 
a grant-in-aid basis without contributing 
to indirect costs. It is my conviction that 
the government should accept a trustee 
responsibility not to so handle its research 
funds that in the long run it will weaken 
the institutions utilizing these funds. A 
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Slated matter which is an ever-present 
F oneern of the colleges is the extent to 

which we are coming to depend upon cur- 

; vent funds. Sinee 1940, the operating ex- 

penses per student in those institutions 
on which I have figures have risen about 
s0 per cent. This additional cost has been 
to a large extent covered by current or 
“soft” income. This is a perilous situa- 
tion and one directly related to the sup- 
port of research by the federal govern- 
ment. It points up again the importance 
of sound fiseal policies in our institutions 
as well as the importance for the govern- 
ment to plan its research programs in the 
yniversities to insure maximum stability 
and continuity. 

Our policies in dealing with these fiscal 
matters, let me add, must be formulated 
in the interest of educational and research 
objectives and not narrowly for financial 
considerations. 


Restrictions 


Another aeute problem posed by gov- 
ernment research in educational institu- 
tions is the imposition of restrictions, 
paper work, accounting, and other im- 
pedimenta which are foreign to the meth- 
ods of operation of the universities. One 
of the reasons why our educational in- 
stitutions ean be effective in basic research 
is that they have created an environment 
benign to this kind of activity. The ef- 
fectiveness of this environment in part 
results from the absence of restrictive pro- 
cedures that are perfectly appropriate for 
other types of organizations, as for ex- 
ample, procurement procedures for ac- 
counting, property accountability and pur- 
chasing. When the government requires 
these procedures, it tends to reduce the 
effectiveness of the institution receiving 
the grant and to change its character. 
This is a complex problem that is oceupy- 
ing the attention of many people both 
within and without government, but I 
think it important to reiterate it if for no 
other reason than the improper applica- 


tion of policies and restrictions on our 
universities will reduce their usefulness 
and their effectiveness in handling the 
government research which is needed. 

Under present conditions it is not pos- 
sible to avoid all research requiring secur- 
ity restrictions, but we must admit that 
such restrictions do damage to the ideals 
and programs of our universities. The 
imposition of restrictions on publication 
of research results, either for secreey or 
patent reasons, can become incompatible 
with the basic concept of an educational 
institution as a source and distributor of 
knowledge. Any arrangement which in- 
hibits free and effective work in any schol- 
arly field involves a penalty. To minimize 
the effects of classified research, the uni- 
versity should seek to segregate it as much 
as possible so that it does not limit free- 
dom of communication within the normal 
program. 


Summary 


It is perfectly clear to you that my re- 
marks have been largely of a clinical na- 
ture. I would summarize by saying that it 
is largely up to our educational institu- 
tions to face up to the problems of spon- 
sored research with wisdom, with inde- 
pendence, and with strict adherence to 
their educational ideals. It is not proper, 
in my mind, for an educational institution 
deliberately to seek a military research 
project with selfish or financial motives in 
mind. It is only proper for it to do so 
when its services are needed by the nation. 

If we were to review the history of the 
world’s great universities, we would find, 
I venture to suggest, that their periods of 
greatest achievement were periods when 
they most effectively responded to the 
pressing needs of their times. For the 
universities to seek each individually best 
to serve our period in our own way is the 
only general guiding principle which we 
can apply in aecepting or rejecting or 
conducting military research. 





The Atomic Energy Commission 
Looks at the Future* 


By T. KEITH GLENNAN 


Commissioner, U. S. Atomic Energy Commission 
President-on-leave, Case Institute of Technology 


The Atomic Energy Commission and its 
staff are keenly aware that if atomic 
energy is ever to be made importantly use- 
ful in peacetime applications, we must de- 
pend to a large measure in the coming 
years on a tri-partite team. Industry, 
educational institutions, and government 
must each take an effective part in this 
development. This team must be strong 
as individuals and particularly strong as 
a team if we are to be successful. 

Industry must do its part by participat- 
ing in atomie energy developments even 
though significant short-term financial re- 
turn on investments may not easily be 
foreseen. This business, if one can eall 
it by that name, is still so young that the 
opportunities to develop new processes or 
products are not readily apparent. Never- 
theless, the atom is too fundamental to be 
ignored and our knowledge in this field is 
increasing at a rapid rate. Industry is 
beginning to awaken to this situation and 
to inquire as to the manner in which par- 
ticipation can be achieved. The Commis- 
sion welcomes and is encouraging this at- 
titude believing that production interests 
will best be served in the long run by the 
competition engendered by the participa- 
tion of production people. 

Our universities, and particularly the 
science and engineering schools, must take 
on even greater responsibilities in research 
and in training the new generations of 
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scientists and engineers. These instity. 
tions must turn out the required number 
of professional personnel, well-trained jn 
the fundamentals of science and engineer. 
ing and equipped to fit into the programs 
of industry and government. Here, too, 
there are increasing and encouraging signs 
of interest on the part of the educational 
world. The Commission has long main- 
tained a policy of leaving educational 
matters to educators and it is gratifying 
to see the manner in which the educational 
fraternity is accepting its responsibility in 
this new field. 

Today the government is in the domi- 
nant position by reason of an act of Con- 
gress and because there is no effectual in- 
ternational control of atomic energy. It 
must be the continued responsibility of 
national governments to maintain com- 
plete control of fissionable materials, each 
within its sphere of influence. Our gov- 
ernment must, whenever consistent with 
the assurance of the common defense and 
security, act so as to.strengthen free com- 
petition in common enterprise, improve 
the public welfare and promote world 
peace. Changing conditions as we go for- 
ward will alter the relative importance o! 
each of the members of this team but these 
changes in importance will occur only it 
the industrial and educational partners 
are well-informed and interested. 


Present Situation 


Let’s look for a moment at the present 
state of the art and then address ourselves 
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more particularly to the developing needs 
of this field which will be of interest to the 
engineering-educational fraternity. We 
know how to produce fissionable materials 
and to produce them in substantial quan- 
tity. While great advances have been 
made in the technology involved in the 
separation of U-235 atoms from U-238 
atoms and the transmutation of U-238 
into the end product plutonium, it must 
be remembered that throughout the past 
nine years almost all of the work in this 
field has been to meet military and defense 
requirements. Such an atmosphere is not 
particularly conducive to relaxed thinking 
and the taking of extraordinary chances 
in the search for radical improvements. 
Nevertheless, it can be said that fissionable 
material is in reasonably abundant supply 
and that our supplies are becoming in- 
creasingly large at an accelerating rate. 
We know how to manufacture destrue- 
tive bombs of many types on mass produe- 
tion schedules. We have substantial stock- 


piles of atomic bombs. We are expanding 


our plants for the production of fission- 
able materials and enlarging our manufac- 
turing activities to enable us to make even 
more weapons. Our development centers 
are busily engaged in finding ways of 
better utilization of these still precious 
fissionable materials. 

We are building mobile reactors for 
naval use. If we are suecessful—and 
there are now only a few skeptics left— 
there will be a firm demand for conversion 
to naval propulsion under atomic power. 
We are in the early stages of the design- 
ing of a reactor for the propulsion of air- 
eraft. Although this is a job of almost un- 
believable difficulty, there is little question 
in my mind that, given an adequate 
amount of money and sufficient time, sue- 
cess will be achieved. 

We have generated small amounts of 
uneconomical electric power incidental to 
the main experimental purpose of a re- 
actor. What the future holds for this 
production of electric energy from atomic 
energy only time itself will tell. If re- 
actor developments turn out successfully 
and costs ean be reduced—and I am eer- 


tain that we will be successful in these 
matters—there will be an increasing de- 
mand for stationary nuclear power plants. 
This demand naturally will arise first 
where present costs for electrical energy 
are high and this suggests that such a pro- 
gram may have an important place in any 
future Point Four programs. As you 
probably know, the Commission has made 
agreements with four industrial groups 
permitting them to make surveys and 
studies leading toward the finding of ways 
by which a larger share of the task of 
developing, building and operating re- 
actors can be carried by industry. One 
of these groups, the Dow-Detroit Edison 
combine, has already agreed to participate 
in the financing of continued research and 
development studies. The other groups 
are not far behind and I assure you that 
their interest is very real. It is, of course, 
too early to foresee the results of these 
industrial studies but I am certain in my 
own mind that industrial participation 
and the results of competition in aecord- 
ance with our normal industrial pattern 
will hasten the day when the generation 
of power through the use of nuclear fuels 
will become an economie reality. 

A large and continually growing in- 
terest in the use of isotopes for research 
in medicine, agriculture and industry leads 
us into another facet of the atomic energy 
business. You may give your imagination 
free play in this matter for the importance 
of the isotope as a research tool cannot be 
over-stated. I am sure that many of you 
here could wax much more eloquent than 
I about the doors which may be unlocked 
in the future through the use of radio- 
isotopes. 

Each of these activities will call for an 
increasing number of scientists and engi- 
neers as the years goon. The actual num- 
bers required will depend upon the degree 
of suecess that may be achieved in the de- 
veloping of the programs. We are just 
now in a position where we can see oc- 
easional glimpses of the atomie energy 
field ahead of us. We cannot with cer- 
tainty predict the exact nature of the de- 
velopments to be undertaken in the next 
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five to ten years. We do know one thing 
with certainty—none of the hoped for 
progress will occur unless the minds of 
well-trained men are available and in- 
terested in this field. 


Future Needs for Manpower 


So much for the generalities of the 
present state of the art from which we can 
take only a dimly lit view into the future 
needs for manpower in the atomic energy 
program. The members of this panel have 
been asked to address themselves to a dis- 
cussion of the impact of government spon- 
sored and government operated labora- 
tories on university teaching and research. 
Having become over the years a Jack of 
all trades and an expert in none, I thought 
that your interests would be best served 
in this matter if I asked for the advice 
and counsel of the directors of our im- 
portant laboratories. I asked them several 
questions and propose now to report to 
you a composite of the answers which were 
given to me. 

My first question was—What is the 
present need within the atomie program 
for college graduates in the sciences and 
in engineering? How many Ph.D.’s are 
needed annually? How many men with 
Master’s degrees or Bachelor’s degrees 
only? 

The Oak Ridge National Laboratory has 
estimated that they will hire 170 new tech- 
nical men between July 1, 1952 and June 
30, 1953. Thirty of these will be Ph.D.’s, 
45 men who hold Master’s degrees, and 95 
who hold Bachelor’s degrees. Half will be 
in the engineering-sciences. 

Brookhaven National Laboratory is just 
beginning to stabilize in its operations. 
The large equipment—the reactor, the cos- 
motron, the eyclotron—are now in use or 
very nearly ready for use. Brookhaven 
has a young staff which probably means 
that their turn-over rates for the next few 
years will be low. They have been em- 
ploying 50 to 60 men each year, 30 to 40 
of these being Ph.D.’s and 20 men holding 
the Master’s or Bachelor’s degree. It is 
probable that the next year will see a 
decrease in the number of new hires at 


Brookhaven National Laboratory. As . 
guess—25 to 30 qualified scientists and ay 
gineers each year may be the going rate 
of employment at Brookhaven. 

Los Alamos—It may be interesting fo, 
you to have a picture of the distribution 
of our present staff at Los Alamos. There 
are 482 men holding degrees in science 
—257 holding the Ph.D. degree, 96 , 
Master’s degree, and 129 the Bachelor's 
degree. There are 192 engineers employed 
at Los Alamos. Of this number nine hol 
the Ph.D., 25 have Master’s degrees, ani 
158 Bachelor’s degrees. The next 12 
months will require a minimum of 17( 
new scientists and engineers and it js 
estimated by the Laboratory that the fol- 
lowing pattern will obtain: 120 people 
will be required in the sciences—64 should 
hold doctorates, 24 Master’s degrees, and 
32 Bachelor’s degrees. About fifty will be 
required in engineering, two with a Ph.D., 
6 with a Master’s degree, and 42 with 
Bachelor’s degrees. Their principal in- 
terests are in the mechanical, electrical and 
chemical engineering fields. I would add 
an editorial note of caution here. I think 
that it is probable that this number may 
be substantially increased in the near fu- 
ture. It is highly probable that replace- 
ments alone will require a minimum of 75 
to 100 persons annually—% of these being 
engineers. 

Argonne National Laboratory. The 
staff of the Argonne National Laboratory 
is fairly well stabilized by now. Last 
year they hired 26 Ph.D.’s, 17 Master’s 
and 26 Bachelor’s for a total of 69. Dur- 
ing that same year 61 persons terminated, 
7 of whom went to other AEC installa- 
tions and 7 returned to universities for 
further graduate work. 

Going beyond the laboratories, and an- 
ticipating a very substantial expansion in 
our program, money for which has been 
asked of the Congress, one can estimate 
that the Atomie Energy program will re- 
quire, in addition to replacements for 
people currently employed by the Com- 
mission some 4500 scientists and engineers 
over the next four years. 
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Cooperation Between AEC and 
Universities 

The other questions asked of the lab- 
oratory directors related to the manner 
in which cooperation was being achieved 
between the AEC and the colleges and 
universities. While I am sure that all of 
vou are familiar in some degree with these 
relationships, I though it might be well to 
review them again for you. From this re- 
counting it will be evident that the lab- 
oratories are having an influence on the 
teaching and research programs in engi- 
neering education. I would guess that 
this relationship will become more import- 
ant as time goes on and particularly so as 
educational institutions themselves begin 
to pick up a larger portion of the re- 
sponsibility for training and research in 
the atomie energy field. 

In all of our laboratories graduate in- 
struction is carried on in cooperation with 
neighboring colleges and _ universities. 
(Graduate thesis programs have been set 
up, summer graduate student programs 
are in operation, summer staff appoint- 
ments are quite generally available for 
academie personnel—these situations give 
an appearance of a healthy, cooperative 
pattern. 

The Oak Ridge Institute of Nuclear 
Studies, sponsored by 30 universities in 
the South and Southwest, provides an 
excellent example of mutual assistance 
in this field. This regional group was 
formed to stimulate the development of 
research programs, to foster and encour- 
age the widespread dissemination of 
knowledge concerning science and _ tech- 
nology, and to provide a bridge between 
sponsoring institutions and the Commis- 
sion in the improvement of methods of 
education and training in the nuclear field. 

Assistance is provided to university 
scientists in making arrangements to par- 
ticipate in the research and development 
programs at Oak Ridge. Graduate stu- 
dents employed in the laboratory are en- 
couraged to continue work toward profes- 
sional degrees through the Institute and 
assistance is given to graduate students 
from the sponsoring universities in ar- 


ranging for thesis work to be conducted at 
the laboratory on both classified and un- 
classified problems. 

It is clear, both from our observations 
and from testimony of university people, 
that the Oak Ridge Institute of Nuclear 
Studies has been highly successful in 
establishing and maintaining a fine de- 
gree of cooperation between the labora- 
tory at Oak Ridge and the university 
community. 

Similar groups have been organized 
about our other installations. Associated 
Universities, Inc., composed of nine east- 
ern universities, actually operates the 
Brookhaven National Laboratory. We 
are most happy about the increasing ef- 
fectiveness of relationships between the 
laboratory and the faculty members and 
graduate students of educational institu- 
tions in the East. 

At Argonne National Laboratory we 
find that approximately ten per cent of 
the scientific positions in the laboratory 
are for visiting professors and graduate 
students working on problems of mutual 
interest to the laboratories and the uni- 
versities. At Hanford and at Los Alamos 
cooperative programs have grown up and 
are contributing to the health and scientific 
improvement both of the Commission’s in- 
stallation and of the universities involved. 

The Commission has long reeognized 
that science cannot depend upon our pres- 
ent state of knowledge if we are to main- 
tain a rate of advance in the atomic 
energy field. Accordingly, we are calling 
on university scientists and engineers to 
carry out specific research and develop- 
ment projects which have a bearing on 
our program. As a measure of this activ- 
ity—we now have in effect about four- 
hundred contracts with various academic 
institutions. In general these projects are 
conducted on an unclassified basis. 

The Commission is grateful to the uni- 
versities and engineering schools for their 
cooperation in all of these endeavors. We 
are particularly appreciative when we 
realize that financial problems of un- 
precedented severity face most of the in- 
stitutions involved. We are watching with 
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interest the development of specific courses 
and, in some cases, of entire curricula, 
covering work in the nuclear field. As in 
all matters in education, it is wise to pro- 
ceed slowly rather than rushing into a field 
of specialization such as reactor engineer- 
ing. It will be the policy of the Commis- 
sion to continue to supplement the aetivi- 
ties of the educational institutions of the 
country and to provide specialized train- 
ing only to the extent that the Commis- 
sion’s program requires such activities. 
Thus we expect to conduct special training 
courses such as that given by the Oak 
Ridge School of Reactor Technology for 
some time to come. We look upon such 
courses, however, as emergency programs 
and we hope eventually to abandon them 
completely or to change them into special- 
ized classified on-the-job training pro- 
grams. 
Fellowship Program 


The Commission’s fellowship program 
with which you are all familiar will grad- 


ually be taken over by the National g,: 
ence Foundation. This program, initiated 
in 1948, has provided support for <0, ‘ 
1025 individuals in either the pre-doctors 
or post-doctoral programs of the Commis. 
sion. It is too early to predict the impaet 
of this particular activity on our national 
atomie energy efforts. It is clear, how. 
ever, that each of the individuals inyolyeq 
will be making direct and indirect contyj. 
butions to the Commission’s program, 

You may ask me what universities and 
colleges can do to assist further. My re 
ply would be to continue your traditions! 
science and engineering curricula—an( 
even turn out a increasing number of wel] 
trained, well balanced scientists and engi 
neers—strengthen yourselves by the elin 
ination of frivolity and a dependence on 
Washington for financial support. Pre 
pare yourselves thoughtfully to take thes 
new ideas to the campuses and above all 
be cheerful and enthusiastically aggres 
sive. 


Sections and Branches 


The Michigan Section met in the En- 
gineering Society of Detroit building 
under the auspices of the University of 
Detroit on Saturday, May 10, 1952. W. 
P. Godfrey, Section Chairman, presided 
at the 2:00 o’clock session. Members and 
guests were greeted by The Very Reverend 
Celestin J. Steiner, 8. J., President of the 
University of Detroit. §S. C. Hollister, 
President, ASEE spoke on the topic 
“Adequacy and Standards of Engineering 
Education.” Following this paper, L. E. 


Grinter, Vice-President ASEE spoke to 
the group on “The Improvement of Teach: 
ing.” 

At a brief business session in the even- 
ing, the following men were nominated 
and elected to serve as officers of the 
Michigan Section for the 1952-1953 year: 
Chairman—C, C. Winn, Vice-Chairman 
F. L. Schwartz, Secy.-Treas.—C. C. Siger 
foos. W. P. Godfrey, was appointed to 
represent the Michigan Section on the 
General Council of the National ASEE. 





“Educating Engineers for 2000 A.D.”* 


By C. C. FURNAS 


Director, Cornell Aeronautical 


It may be appropriate to begin this dis- 
cussion by ealling up a voice of the Four- 
teenth Century, “The lyfe so short, the 
craft so long to learne.” + Certainly since 
Chaucer wrote these words some six hun- 
dred years ago the situation has not eased. 
Though the span of human life has length- 
ened very substantially and very benefi- 
cially, the task of learning the craft has 
grown many times greater, particularly in 
the field of engineering. The operation of 
exploring, investigating and criticizing the 
process of educating for engineering and 
carrying on with the profession itself is 
certainly going to be a standing order for 
a long time. 

May I also observe that the task of edu- 
cating engineers for 2000 A.D. is not a 
chore for the next generation alone, but is 
an operation which faces us now because 
those who are presently graduating from 
various educational institutions will, in 
some eases, be active in the profession of 
engineering when the twenty-first century 
begins. 

One would be very foolish, indeed, if he 
approached this subject with any great 
feeling of confidence. Rather he should 
approach it with a large amount of trepi- 
dation—which I do. I assume only one 
thing, namely—that a large number of 
people coneur that there are and will for 
some time be a number of unsolved prob- 
lems in engineering education, and that 
the number of different proposed solutions 
will just about equal the number of per- 
sons who are willing to offer them. Since 


* Address at Annual Meeting of ASEE, 
Dartmouth College, June 26, 1952. 

1Chaucer—‘‘The Assembly of Fowles,’’ 
line 1, 


Laboratory, Inc., Buffalo, N. Y. 


my deliberations will have no more merit 
than dozens of others that you probably 
have heard, or will hear in the future, or 
that you can devise yourself, my contribu- 
tion is merely that of another person’s 
thinking—for whatever it may be worth. 


What Is an Engineer? 


In attempting to solve a problem, it is 
usually considered good form first to an- 
alyze the situation (the old formula for 
rabbit soup: First you eateh your hare). 
My analysis shall consist largely of a 
series of observations on the characteris- 
tics and functions of the people who make 
up the engineering profession. 

When one seeks the answer to the ques- 
tion, “What is an engineer?” he gets a 
surprising variety of answers. The ideas 
of the function of the fraternity are far 
from unanimous among its own members. 
At one end of the spectrum of opinion 
there is the thought that the true engineer 
is a research man of some specialized 
learning and an unusual set of talents— 
C. F. Kettering might be taken as an ex- 
ample. At the other end is the person 
who considers that the engineer is essen- 
tially a scientific business man—Herbert 
Hoover, for instance. It is obvious from 
the responses that engineers are of all 
sorts, kinds, and sizes. Even less agree- 
ment is found among engineers themselves 
and among the educators as to how the 
individuals who are to make up this poly- 
glot product should be treated in the edu- 
cational mill. Obviously, it would be de- 
sirable to find a universal formula that 
would enable everyone to receive exactly 
the optimum treatment to prepare him for 
the role which he is eventually going to as- 
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sume in our industrial society. That is a 
fond hope which will never be realized but 
perhaps we can improve our present per- 
formance. 

With this discouraging beginning of 
wide differences of opinion one ceases ask- 
ing opinions and begins to look at the ree- 
ord to find out just who is included in this 
profession of engineering; what do they 
do, and what are the characteristics which 
seem to make them successful? Even the 
blind man, by making enough tactile ob- 
servations, can determine the shape and 
character of the elephant. 

First, as to numbers. The number of 
engineers is, of course, partially a matter 
of definition, but the professional engi- 
neering societies of the country have rea- 
sonably exact criteria and those who are 
included by the rough definition of the 
profession number about 400,000 in the 
United States at the present time. They 
are, then, somewhat less than %o of one 
per cent of the population and, hence, a 
relatively select group—at least as far as 
the census taker is concerned. One’s first 
conclusion then is that if engineering calls 
for specialized education, it cannot be of 
a universal character because you cannot 
shape a major share of the national educa- 
tional system around only ‘40 of one per 
cent of the members of society—no matter 
how important they may be. 

Delving into the data a bit further, one 
finds that hardly more than 15 per cent of 
the engineers are, at the present time, in 
the field of research and development. 
This, then, indicates that the brand of 
critic who feels that engineering education 
should be devoted only to the preparation 
for research and development is about 85 
per cent wide of the mark, at least as far 
as the number of people that are involved. 
I am not in a position to give any exact 
substantiation of the fact that only 15 per 
cent of the engineers are in research and 
development, but there are a few data 
from the Human Resources Division of 
the Research and Development Board for 
the year 1952. Admittedly, they are esti- 
mates but probably not far from the truth. 
At the present time there are approx- 
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imately 625,000 scientists and engineers ; 
professional activity in this country. o; 
these, 9 per cent are employed jy univer. 
sities, 24 per cent in government, 67 
cent in industry. Of these 625,000 gq. 
entists and engineers about 135.(\00 are 
considered to be in research and develop. 
ment. Here again, of course, the listed 
occupation depends considerably upon des. 
inition. Twenty per cent of these are ey 
gaged in universities, 23 per cent in goy. 
ernment, and 57 per cent in industry 
Since a substantially larger per cent oj 
those who are classed as scientists thay 
those who are classed as engineers, are 
in research, it appears to be quite a reg. 
sonable estimate that not more than 15 per 
cent of the engineers are engaged in re 
search and development. I would be will. 
ing to concede, if anyone wishes to argue 
the point strongly, that this may be by 
far the most important 15 per cent, but 
at the moment I am considering only nun- 
bers. 
Solidity of the Profession 

The data, such as they are, also indicate 
that the engineers constitute a fairly solid 
fraternity, as far as the educational link 
is concerned. Most of those who are edu- 
cated as engineers stay with the calling 
Depending upon the estimator and also 
upon definition, it appears that somewhere 
between three-fourths and seven-eighths ot 
all of those who have received an engi- 
neering education remain in the protes- 
sion, if you include administrative and 
executive posts which are closely linked to 
technical organizations. There is a small 
and decreasing number who have never 
received engineering educations who enter 
the bona fide professional ranks, but new 
arrivals in these groups are now almost to 
the point of being negligible. There are 
a few data, rough as they may be, on the 
losses to the profession of engineering. 
Losses by death and retirement amount to 
about 2 per cent of the number in the pro- 
fession per year. It is also estimated that 


2‘*Employment Outlook for Engineers,” 
Bureau of Labor Statistics Bulletin No. 96 
May 1949, page 44. 
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transfers to other occupations than engi- 
neering amount to about 4% per cent of 
those in the field each year, plus about 5 
per cent of the new graduates each year. 
Thus, the losses by death, retirement and 
voluntary action are estimated to be about 
3 per cent per year. It appears that edu- 
cating a young man to be an engineer is a 
fairly serious business because he is prob- 
ably going to pursue that path until the 
bitter end. 

Another characteristic of the profession 
is its inereasing importance in our indus- 
trial economy.’ In the year 1890 there 
was one engineer for 290 industrial em- 
ployees. In the year 1948 there was one 
engineer for 75 industrial employees. As 
our civilization becomes more industrial- 
ized, it becomes more complicated and 
relies more upon the services of engineers. 
Hence turning out the best possible engi- 
neering graduates becomes a matter of in- 
creasing national concern. 


Characteristics Associated with Success 


Turning away from the statistics, we 
can make some observations on the char- 
acteristics of individuals who make up the 
more successful stratum of the profession. 
In this case one is fortunate to be able to 
turn to the words of Henri Le Chatelier, 
one of the prominent scientists and engi- 
neers of France.t M. Le Chatelier ana- 
lyzed and compiled the outstanding per- 
sonal charaeteristies of the most successful 
scientists and engineers that he knew in 
western civilization and came up with the 
conclusion that four qualities were always 
present and hence must be basic character- 
istics of a successful engineer. These 
were, in order of importance: 


1—Activity (or drive) 
2—Imagination 

3—J udgment 

4— Knowledge. 


’Bureau of Labor Statistics Bulletin No. 
968, May 1949. 

*“‘The Creation of an Intellectual Elite in 
Science and Industry,’? H. Le Chatelier, 
Société Industrielle de Mulhouse, pages 214 
to 235, volume 94, 1928, 


In order to make a check on this judg- 
ment of an engineer I turned far afield 
and investigated an article by a man who 
made a career of interviewing and report- 
ing on suecessful business executives in 
many fields. The author of this article 
listed eighteen qualities that he had ob- 
served in successful executives over the 
years. The first two were “They work 
hard,” second, “They have imagination” 
which obviously are in exact correspond- 
ence with Le Chatelier’s first two prime 
qualities. The quality which would eor- 
respond to Le Chatelier’s “Knowledge” in 
this executive list came as number sixteen 
in “they are educated.” Thus we see that 
there is a very fine correlation between the 
most important properties required for 
success in the opinion of two observers 
from widely divergent fields. 

If I might venture to put in my own 
two cents worth at this point, I would sug- 
gest that there is a fifth quality beyond the 
four given by Le Chatelier; one which 
is highly necessary for the bulk of the 
engineers, namely—adeptness in human 
relations (that much maligned, much mis- 
used term). I am sure Le Chatelier ree- 
ognized this, and why he did not list it as 
one of the prime qualities I do not know. 

It appears that these five essential qual- 
ities—drive, imagination, judgment, adept- 
ness in human relations, and knowledge— 
fall into three rough groups: 


1—Those that can be taught 

2—Those that can be encouraged but 
not taught 

3—Those that ean be partially taught 
and partially encouraged. 


The first group—that which can be 
taught—contains but one item: knowledge. 
That is the area on which the educational 
institutions, and particularly engineering 
colleges, have traditionally focussed their 
major efforts. From the observation of 
the characteristics of successful men it 
would seem, offhand, that this is the item 


5 ‘What Makes Executives Tick,’’ by Roy 
Rutherford, the Rotarian Magazine, January 
1948, 
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of lesser importance of the five. May I 
add in self-defense, however, that I cer- 
tainly do not believe that one can suc- 
cessfully work from the background of 
ignorance—cannot operate from a mental 
vacuum—and there is probably nothing 
quite as dangerous in any profession as 
the dilettante—the person who has little 
knowledge and doesn’t know what to do 
with the little that he does have. Knowl- 
edge, though insufficient, is absolutely and 
basically necessary. 

At the risk of diverting the stream of 
my argument, I should like to make some 
brief observations on this process of ac- 
quiring knowledge. In the field of science 
and its application, knowledge can be 
broken up into those homely subdivisions : 
“Know how,” “Know what,” “Know why.” 

“Know how” is the realm of emphasis 
of the tradeschool or the technical insti- 
tute. “Know what” seems to represent the 
center of gravity of activity of most engi- 
neering colleges. “Know why” is centered 
in the field of responsibility of the tradi- 
tional, pure science curriculum. In my 
opinion, engineering colleges, as a class 
have been guilty of having an excessive 
degree of emphasis on the “know how” 
and the “know what” and not enough on 
the “know why.” This shortcoming has 
particularly serious effects for those engi- 
neers who end up in the research and 
development field. There has, however, 
within the last generation been so much 
pounding of the drum and beating of the 
chest about the essential ignorance of our 
engineers and the fact that they acquire 
too little of the “know why,” that I think 
there is no point in my dwelling on the 
matter any further. I observe that there 
is a gradually increasing emphasis on in- 
culeating scientific understanding into en- 
gineering student crania. I think that this 
is a very hopeful trend and I believe that 
it will continue. 

The second class of items encompasses 
those which cannot be taught at all—only 
encouraged, by example and otherwise. 
In this group I would put the two essen- 
tial qualities of drive and imagination. 
The third class of qualities contains those 


that can be partially taught and partialiy 
acquired through encouragement. In this 
I would put judgment, and adeptness in 
human relations. 

From this line of reasoning I conelyde 
that the bulk of the factors that are nevos. 
sary for success, cannot actually be taught 
—they can only be encouraged, and 4). 
lowed to grow. But nothing grows with. 
out a driving force of some sort, so this 
brings us to the diseussion of motivation, 
In other words: what is it that makes 
people tick, that an educational system 
can utilize to improve results? 


Motivation 

John Mills, long of the Bell Telephone 
Laboratories Public Relation Department 
classified people, at least those that came 
within his ken, by a very simple scheme. 
He assumed, or rather observed, that there 
were four major areas of human interest, 
or motivation. As an aside I should add 
that these areas of motivation to be dis 
cussed are over and above the three simple 
biological urges of the human animal— 
food, shelter, and sex. Perhaps we are 
diseussing the higher levels of motivation. 
These four fundamental urges, according 
to Mills, are: “Things, Ideas, People, and 
Money. The arrangment of these drives 
in order of their prominence indicates the 
basie character of the man and, hence, in 
matters of personnel placement, give a 
good indication of what he ought to do. 
For instance, the best type of a person for 
an engineer might be one who is motivated 
in the following order: Things, Ideas, Peo- 
ple, Money. For the true research man 
the optimum motivation order might be: 
Ideas, Things, Money and People. One 
might observe that since there are tour 
properties and that order seems to be im- 
portant—there are factorial four (4x 
3X 2=1) or 24 basie types of people 
with, of course, gradations between each. 
I would conclude from Mr. Mills’ observa- 
tion that the educational job to a large de- 
gree is to set up environmental practices, 
human relations, ete., in order to afford 
optimum opportunity for these various 
motivating factors to grow and develop 





ion. 
ing 
and 
ves 
the 
, in 
p a 
do. 
tor 


ted 


**EDUCATING ENGINEERS FOR 2000 A.D.’’ 


keeping with the propensities of the in- 
dividual. 

Since I am one who tends not auto- 
matically to accept someone else’s anal- 
ysis, I indulged in a bit of cerebral ex- 
verimentation myself and attempted to set 
jown in order of importance those things 
which apparently induce or motivate peo- 
ple in the United States to undertake 
higher education. Selecting my own qual- 
tative observations, I came to the conelu- 
sion that the four things that induce 
Americans to go to college, in order of 
importance are: 


1—Economie reasons (including the 
woman looking for a man) 

9—Snobbishness (ineluding the woman 
looking for a man) 

3—The professional urge (the feeling 
for accomplishment, per se) 

4—Intelleetual curiosity. 


I regret this order of motivating factors 
and would like to see it reversed. How- 
ever, I do not see how I, or anyone else, 
can do anything about it. 

This list which I have just synthesized 
is, by title, somewhat different from Mr. 
Mills but is not necessarily in conflict. 
For instanee, the factor that I call “eco- 
nomie’ probably corresponds quite closely 
with that which Mr. Mills’ called “money.” 
The one which I class “intellectual eurios- 
ity” probably conforms to Mr. Mills’ 
category of “ideas.” Between us it would 
appear that Mr. Mills and I come up with 
six hasie urges or motivation factors which 
furnish the drive for people in the pro- 
fessional world. Since arrangement of 
such factors is important in determining 
different types of people, then we could 
come up with the conclusion that there are 
factorial 6 (which is equal to 720) basic 
types of persons. It will be noticed that 
‘20 is about 0.15 per cent, which is equal 
to half the proportion of the engineers of 
the country. So if one assumes that half 
the engineers are really good, and that the 
engineer should ideally be one out of 720 
types, it would appear that we have a 
reasonable balance between the motivating 
lactors and the results of our engineering 


education. This observation, I admit, is 
pure mental diversion and is not to be 
taken seriously. 


Intellectual Honesty 


Perhaps it would seem to be enough of 
an assignment to consider the intricacies 
of the elements of success of the engineer 
as a professional individual, but another 
facet can readily be viewed in this general 
diseussion—the sociological characteristies 
of engineers, en masse. During recent 
decades it has become an increasing pop- 
ular pastime to chide the engineers and 
scientists on their lack of social conscious- 
ness and conscience—‘Why don’t you, 
since you are so smart, do something about 
controlling the effects of these inhuman 
Frankenstein monsters you have so cleverly 
devised ?” 

There are some who have taken these 
admonitions seriously, with occasional suc- 
cess, but for the most part the engineers’ 
direct attempts to sweeten and benefit the 
sociological pattern have been signally un- 
suecessful—particularly in the realm of 
polities. These failures are usually at- 
tributed to the supposed condition that the 
engineer is an unemotional cuss, a cold 
fish, who doesn’t understand people. The 
accusation cannot be accepted in toto. 
The emotional structure and vigor of an 
engineer are not particularly different 
from anyone else’s. There are probably 
few real class distinctions in this field. 
That he often doesn’t “understand” people 
is probably true. And “people” seldom 
understand engineers, for the reason that 
the two groups unwittingly operate from 
quite different frames of reference. The 
reason is simple—because of training, 
background and profession, engineers and 
scientists, as a class, have a rather high 
degree of intellectual honesty, and when 
you get down to cases, relatively few peo- 
ple appreciate, desire or understand in- 
tellectual honesty. It is not a popular 
virtue. It is often far from beautiful and 
it can have distressing impacts on the 
emotional reactions. 

With great haste, I will add that I am 
not accusing most of the people in the 
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world of being “dishonest” in the usual 
connotation. The average person, in what- 
ever occupation, is scrupulously honest, 
according to his code. I’m merely saying 
that many of the codes that human beings 
have evolved in the process of learning to 
live together tend to ignore the laws of 
physies, chemistry, biology and sociology ; 
are loaded with rationalizations; are 
judged by “What would I like to believe?” 
rather than “What is really true?” 

An engineer knows that a bridge de- 
signed by mere wishful thinking will fall 
down, the chemist knows that he cannot 
promote a reaction by the emotional wav- 
ing of banners. Although transfer of 
training is never complete the engineer, 
more often than most, adapts this type of 
logical thought pattern to his dealings 
with people and then is chagrined and 
erushed when the mass response is some- 
what less than cordial. He assumes, cor- 
rectly, that the sociological pattern would 
be greatly improved if there were a strong 
and permanent inoculation of the bene- 
ficent virus of intellectual honesty, but the 
public will have none of it. We have a 
civilization of complex gadgets and sys- 
tems of 2000 A.D. operating in a mass 
emotional framework which is about the 
same as it was in 2000 B.C. and the two 
do not match. Perhaps we’re approach- 
ing the point of outsmarting ourselves. 

The task of improving the basie socio- 
logical structure is a serious one and no 
one has found the solution. Perhaps, 
however, if the engineer could become a 
little more adept in his publie dealings, 
and if he could also, in his educational and 
professional activities, induce a bit of un- 
derstanding of and appreciation for intel- 
lectual honesty in the pliable mind of the 
general public he might eventually have a 
substantial effect. This potential socio- 
logical role should certainly not be neg- 
lected in the pattern of education and 
training of engineers. 


Conclusions 


Having now gone through my introduc- 
tion, by making a quick survey of the field, 
I will leave out the main body of my talk 


and jump directly to my conclysions 
which I may temper with recommenda. 
tions. This is unorthodox and perhaps 
unsportsmanlike, but I have two reasons 
First, to go into the discussion of hoy 
I go from observations to conclusions 
would be much too long and probably 
infinitely boring. Second, I probably 
couldn’t completely defend the steps o; 
my logic anyway. So, if you will bea 
with me, I would like to throw out yy 
bait just to see how you will react. Tha: 
might add, is about the highest form o; 
experimentation in the indefinite world: ; 
in dealing with an indefinite subject, this 
may be the best way to approach it. 

Without a supporting rigorous approach 
(rigor at times being merely rigor jortis 
or any delusions of essential defensibility, 
I suggest that in order to arrive at an im 
proved pattern of engineering education 
for the year 2000 A.D. five steps be under. 
taken: 


I. Operations Research 

That a really major research project |x 
undertaken on “Preparing for the Py 
fession” from the operations researeh 
point of view. Operations research | 
recognize is a much misused, and a 1uc! 
maligned subject but in its proper place 
it does have very great merit. It deals 
with the investigation of complex and not 
completely analyzed situations, with what- 
ever data and tools of logic are at hand in 
order to arrive at a framework for making 
optimum decisions for action. It is not 
a panacea and it is not magic, but certain 
methods and approaches have been worked 
out which are effective in complex situa- 
tions where systems of both animate and 
inanimate objects are involved. Its great- 
est triumph was probably in optimizing 
the system for the air defense of England 
in the “Battle of Britain,” in which, with 
the use of radar and observers and plot- 
ting boards and mathematical doctrines 
previously set up, the British were able to 
use their inadequate supply of interceptor 
aircraft to combat the flocks of German 
bombers and thus to come out victorious. 
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similar suecess was scored, although not 
publicized as much, in the antisubmarine 
warfare. Operations research is now a 
major tool of military strategy and tactics 
and is becoming useful in a number of 
industrial systems and I believe it should 
have a certain effectiveness in the broad 
field of education, at least to the extent of 
delineating what the problems really are 
and indicating the probable optimum 
method of attack. In order to indicate 
what I mean by operations research, may 
I say that the analytical portion of this 
paper itself constitutes a sketchy and 
qualitative approach to the setting up of 
an operations research problem. 

By making the above suggestion, I am 
implying that operations research may be 
more effective than research in methods 
of teaching—that rarified bailiwick of the 
pedagogue. My own feeling is that the 
“methods of teaching” approach deals 
with the problems in much too fine a struc- 
ture. I also feel that traditional psycho- 
logical experimentation is not  partic- 
ularly fruitful, because it attempts to be 
too exact and to put numbers on things 
which are really not susceptible to being 
pinned down to numbers. Both these ac- 
tivities may be necessary, but they are not 
sufficient. 

I would also like to suggest, if anyone 
cares to listen, that this field of operations 
research in education for the professions 
would be a very worthy and eventually a 
very fruitful activity for some of the great 
philanthropie organizations, such as the 
Ford Foundation, which are very intent 
on extending their efforts on improving 
the human race. 


II. Beginning While Young 


The professions, particularly the engi- 
neering profession, should spearhead a 
movement to induce the objective teaching 
of seience (for both sexes) from the 
kindergarten up. The most common char- 
acteristies of the youngsters is to ask 


“Why?”. As parents and teachers we 
seem to be dedicated to suppressing this 
basie instinct of intellectual curiosity. By 
the time children arrive in high school, the 


job of suppression has usually been very 
thoroughly done. Why shouldn’t we take 
every opportunity to cultivate and to en- 
courage this really basic drive of intel- 
lectual curiosity and rationality? Not 
only would this most important motivation 
factor be kept alive, but by the time 
adolescence is reached the average individ- 
ual might even have acquired a fair sized 
reservoir of knowledge of what the world 
is, and how it works. More important, 
there would be a real respect and under- 
standing for the relation between cause 
and effect which is, of course, background 
of science and its application in engineer- 
ing. As it is now, we have little to replace 
the vacuum which is left when the fairies 
pass out of the childish mind. As the 
years go on this emotional vacuum now 
tends to become filled with many curious 
things. 


III. Atmosphere of Reality 


More reality and fewer synthetic situa- 
tions should be brought into the college 
teaching of engineering. This implies that 
there should be a much closer relation and 
effective liaison with ecommerce and in- 
dustry and the other employers of engi- 
neers, throughout the teaching period than 
is the case at present. I am by no means 
convinced that the “co-op” engineering 
curricula, as presently constituted, are the 
answers but there are virtues there that 
should be explored. 

As a rule, the medical profession prob. 
ably does a better job of merging practice 
and teaching during the educational pe- 
riod than do the engineers. The “teaching 
hospital” concept, in which the medical 
student lives in the atmosphere of, and 
participates in varying degrees in the 
practice may have certain inherent virtues 
which engineering educators have been 
neglecting. 


1V. Early Selection 


Inereased emphasis should be placed 
and encouragement given to earlier selee- 
tion of careers when misfits come up dur- 
ing the educational period. Misfits are 
not just a matter of some persons being 
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stupid. We are all ignorant, but about 
different things. In my opinion, a great 
deal could be done—more than has beeen 
done in the past—on intuitive or measured 
selection and guidance of apparent mis- 
fits toward appropriate alternates. It is 
a very serious and often a very bitter 
thing to arrive at the point of no return 
in this educational journey of ours, and 
many are the mistakes that have been 
made because the career has been allowed 
to progress so far along a given course 
that it could not be altered. 


V. The Continuation Function 


After formal education is completed, 
the educational institution itself should 
move into industry and commerce, for con- 
tinuation activities. In other words, uni- 
versity work does not end, or should not 
end, at the time of graduation. Educa- 
tional paths are actually never completed 
as far as the truly professional man is 
concerned. The craft is “so long to learn” 
that the chore is never actually finished. 
Adult education, if you choose, or coopera- 
tion with industry, whatever may be in- 
volved, I feel should be an essential part 
of continuing professional education, espe- 
cially engineering. One sees elements of 
it here and there, particularly in the state 
supported universities but, thus far, there 
is only a feeble beginning. 

Perhaps one or more of those sugges- 
tions may make sense to some. Whether 
they do or not, I feel that I must leave 


It ty 


the subject at this point. I adi; 4), 
it is unsportsmanlike to leave the hp, 
matter dangling (like the well-know) Dar. 
ticiple) and ignore the details, }y; ter 
you catch your hare and then decide hy, 
to make the rabbit soup. If this 
stitutes catching the hare or even 4 wns 
tion of him, it is probably sufficient york 
for one evening. If ideas have any has\ 
merit in the minds of enough people, 
something will eventually be done aboy 
the details. 

The suggestions I make run counter ; 
the long standing tradition that engineer. 
ing education is merely a four, five or sx 
year stint. I believe it should essential) 
stretch almost from the 
grave. 

I am also implying that industry and 
commerce should move from their trad 
tionally remote positions, isolated fro 
the educational world. This wil] cos 
money and executive effort, but corporate 
stockholders had better get used to the 
idea, that is, if they really believe in the 
basic virtues of a free and reasonably in- 
dividualistic economy. I still believe in 
those basic virtues myself but I think thei 
survival will depend to a major degree on 
a truly effective and material collaboratio 
and rapport between education and tly 
vital, producing units of industry and 
commerce. It may be a losing battle but 
I am reasonably optimistic and hope | 
may still be around in 2000 A.D. to see 
if my optimism has been justified. 
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In the News 


Ralph Morgen, Director of the Univer- 
sity of Florida’s Engineering and Indus- 
trial Experiment Station since 1947 has 
resigned to accept a position with the Na- 
tional Science Foundation. Dr. Morgen’s 
position with the National Science Foun- 
dation will be to direct the engineering 
and metallurgical phase of the program. 


Fourteen post-graduate fellowships and 
19 scholarships will be offered by the 
Radio Corporation of America for the 
1952-1953 academic year under an ex- 


panded and revised scholarship program, 
Dr. C. B. Jolliffe, Vice President and 
Technical Director of RCA, announced. 
Total amount of the awards, according to 
Dr. Jolliffe, will be $53,000, a substantial 
inerease over previous years. This amount 
reflects RCA’s expanded program of help- 
ing young engineers and scientists by 
means of seven new scholarships and on¢ 
fellowship. It was also pointed out that 
the annual stipends for RCA Scholarship: 
have been increased from $600 to $800. 
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AMERICAN SOCIETY FOR ENGINEERING EDUCATION 


April 6, 1952 
To Members of the General Council 


Gentlemen : 


Your Committee on Improvement of Teaching, authorized by action of the Council 
at its meeting of June 24, 1949, at Rensselaer Polytechnic Institute, was first organized 
as a steering committee during the summer of 1949 and later, in the summer of 1950, 
was constituted in its present form. There have been two meetings of the full member. 
ship, and each of its three groups have held meetings of their own. Important and 
closely coordinated work has been carried out through the institutional committees, 
which were organized in over one hundred colleges and universities. More than 15) 
reports and criticisms have been received from these local committees. These com- 
munications have clearly illustrated the many active reviews of teaching methods and 
the efforts being made to bring about improvements. Your central committee is greatly 
indebted to these institutional groups for their participation, criticisms, and suggestions, 

We believe that this cooperative effort between the schools should be a continuing 
enterprise and that it should be a primary activity of the ASEE Division on Eduea- 
tional Methods. We recommend that the matter of continuation of the process of in- 
provement of teaching be referred to that Division for study and action, and we further 
recommend that, with the presentation of this report, the Committee on Improvement 
of Teaching be discharged. 

Sincerely yours, 
L. E. Grinter, Chairman 
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Improvement of Engineering Teaching 


Report of the Committee on Improvement 
of Teaching | 


I. SUMMARY 


| This study was designed to bring about 
F discussion of teaching methods and ways 
F of learning in engineering faculties 
| throughout the country, and to present in 
; report form a number of the factors be- 
' lieved to be important in the improvement 
| of teaching. The primary objective of 
| this study has been to consider how to 
| prepare students to meet new situations 
_ with skill, resourcefulness and leadership. 
| Such preparation requires of the staff an 
- understanding of the principles of teach- 
| ing and learning, an appreciation of means 
_ for developing resourcefulness and orig- 
' inality, and continuing study of the most 
' effective ways to achieve coordination of 
; instruction. 
Other objectives have been to consider 
| how to instill in the student the desire to 
continue to learn after graduation, and 
' how to provide a cultural foundation 
| which will encourage him to contribute to 
_ his local community and to civie groups 
> as a mature, thinking, human individual. 
The findings presented represent the opin- 
ions of many in engineering teaching. 
Principles of learning stress the im- 
portance of effective participation on 
the part of the learner; his motivation 
through the formulation of a goal; the 
clear definition of task assignments (pref- 
; erably defined by the student himself) ; 
the evaluation of his progress; and his re- 
peated practice in application. To raise 
the level of what the student does, it is 
emphasized that teaching should be from 
basie laws of science rather than from 
relatively specialized derived formulas. 
To a great degree, problems should involve 
the application of basic laws to real situa- 
tions, and require student initiative in at- 
tack. Many of the basic laws apply in a 
number of engineering fields, and im- 


portant opportunities exist for stressing 
these interrelated applications. 

Much more attention can be given prof- 
itably to the development of the stu- 
dent’s originality and resourcefulness in 
order to prepare him for the thought 
processes required in professional work. 
In the report, techniques are suggested for 
the development and presentation of new 
and unfamiliar situations in the shop, 
classroom, and laboratory. Consideration 
is given to seminars, elective courses, in- 
dependent studies and to research ex- 
perience. The project method of instrue- 
tion, utilizing problems of comprehensive 
scope, is advocated as an attractive means 
of developing resourcefulness, and of 
implementing effective student activity. 
This method places the student more on 
his own responsibility and gives him ex- 
perience in planning in contradistinction 
to the execution of prescribed operations. 

Engineering education prevides the op- 
portunity for related approaches in class- 
room, laboratory, and design work. Full 
opportunity should be taken to coordinate 
these approaches. Similarly, the social- 
humanistic stem can become more mean- 
ingful to the engineering student by co- 
ordination with the technical studies. The 
rotation of instructors among the vari- 
ous subjects which come within their gen- 
eral professional field is recommended. 
Intelligently employed, this practice de- 
velops broader acquaintance with subject 
matter and promotes course coordination. 

The teacher is the key factor in efforts 
to improve education. This should be 
fully appreciated by every administrative 
officer and should find expression in three 
major ways: (1) recruiting the most 
promising teachers; (2) recognizing good 
teaching in the most effective manner— 
advancement and adequate compensation; 
and (3) developing a specific plan for 
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staff and committee discussions on meth- 
ods of improving teaching so that the 
young instructor may benefit from the 
experiences of mature staff members. 

Teaching loads should be kept within 
prescribed limits in order to permit teach- 
ers at all levels to engage in creative re- 
search and other activities contributing to 
their professional development. 

The present concerted movement to im- 
prove the quality of engineering instruc- 
tion should be a continuing effort, and the 
Committee suggests that institutional ecom- 
mittees be a continuing activity under the 
guidance of the Educational Methods Di- 
vision. In addition, special schools might 
well be established for the specific pur- 
poses of aiding engineering teachers in the 
improvement of their methods of instruc- 
tion and in the development of new meth- 
ods through research and experiment. 


II. INTRODUCTION 


The study on which this report is based 
originated from the belief that while two 
comprehensive reports by committees of 
the Society—Aims and Scope of Engi- 
neering Curricula (1940) 1 and Engineer- 
ing Education After the War (1944) ?— 
have influenced engineering education by 
stating its fundamental objectives and 
recommending better means for attaining 
them, the findings of these earlier reports 
could become widely effective only if they 
would influence directly the center of 
engineering education—the student and 
teacher in the classroom. The Committee 
on Improvement of Teaching, which pre- 
sents this report, was appointed to aid in 
accomplishing this result. The funda- 
mental method of the Committee has been 
to stimulate discussion of teaching meth- 
ods and their betterment in institutions 
throughout the country. More than one 
hundred faculty committees were ap- 
pointed for this purpose and more than 


1 Journal of Engineering Education, Vol. 
XXX, No. 7, March, 1940. 

2 Journal of Engineering Education, Vol. 
XXXV, No. 1, September, 1944. 


150 reports, comments, and sugg 
have been received. 

This Committee has previously issued 
two preliminary reports based jn large 
measure on the communications receives 
from local faculty groups. These two ye. 
ports have been circulated to all accrediteg 
engineering colleges throughout the coup. 
try where they were discussed and criti. 
cisms were formulated . The responses are 
notable for frankness and discernmey 
both with reference to local conditions 
and also to general conditions prevailing 
throughout engineering education. This 
final report is based to a very considerable 
degree on the communications received 
from the faculty discussion groups. It js 
this Committee’s opinion that a wise ¢o)- 
lege adminstration will find ways to ex. 
pand the influence of these discussion 
groups to include a larger proportion of 
the engineering faculty, particularly the 
younger members. 

It is vitally important that each institu. 
tion decide how to place emphasis upon 
those factors that influence the quality of 
teaching. The first requirement is that 
the president, dean, and department heads 
value good teaching and make this fact 
known. They earry the responsibility for 
counselling with their staffs regarding the 
effectiveness of teaching. How this may 
be done best is a local problem and a 
matter of individual judgment. 

Diseussion groups appointed from 
young teachers, from departmental facul- 
ties, from the faculties of related depart- 
ments, from teachers interested in lab- 
oratory instruction, from those with spe- 
cial interests in written or oral expression, 
or from teachers drawn together by any 
common interest can have a vitalizing in- 
fluence upon faculty morale and the effee- 
tiveness of teaching within the institution. 
Since many group interests may be en- 
couraged and since faculties change con- 
tinually, diseussions on improvement of 
teaching should be made a live part of the 
continuing operation of every engineering 
faculty. 


€stions 
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1. OBJECTIVES OF ENGINEER- 
: ING EDUCATION 


| Engineering education has been vari- 
© ously described as a profession, an art, a 
F <cience, and a business. It is all of these, 
> but primarily it is the profession in which 

' men apply the known principles of the 
: physical scienees creatively for the gen- 
© eral good of society. The objectives of 
; engineering education can be summarized 
F as follows: 


(1) To develop the student profession- 
ally so that he can make distinctive con- 
tributions to the welfare of society. An 
' engineering student must be prepared con- 
tinually to face new problems which call 
' for skill, initiative, and leadership. He 
must project from past experience into 
new situations and must do so both with 
a sense of responsibility and with con- 
fidence in his ability to find an acceptable 
solution. Thus, with technical ability 
must be coupled economic judgment and 
an appreciation of social values condi- 
tioned by the specific requirements of the 
problem. 

(2) To instill in the student the desire 
continually to progress professionally and 
to expand his knowledge and abilities. 
Professional progress may be achieved in 
any one of several directions, such as re- 
search, development, design, production, 
construction, sales, or education. Each 
requires a different emphasis of formal or 
informal study after graduation. The 
student should be guided to recognize his 
strengths that he may cultivate them, and 
his weaknessses that he may endeavor to 
overcome them. 

(3) To provide a cultural foundation 
which will enable the student to compre- 
hend economie and social problems and 
which will encourage him to contribute 
constructively to his local community and 
to eivil groups as a mature, thinking, 
human individual. 


In sum, the purpose of engineering in- 
struction is epitomized in the statement by 
Warren K. Lewis, who said, “Our objec- 


tive is the development of the capacity 
of the student when faced with a new and 
unfamiliar situation, to handle it with 
competence involving skill, initiative, and 
leadership.” 


IV. PRINCIPLES OF TEACHING 
AND LEARNING 


A. PRINCIPLES OF LEARNING 


As background it may be well to bring 
together a number of the basic principles 
of learning. A few are listed here for 
convenience : 


1. Learning is a process by which in- 
creasing ability is developed through the 
effective activity of the learner. The 
learner must think through the idea to be 
understood, or perform the act in which 
he is to develop skill. Learning is not a 
passive process of absorption, but comes 
only through active participation. The 
lecture method of teaching all too often 
reduces the student to the role of an inac- 
tive observer, whose mental processes labor 
along at subnormal efficiencies. The zest 
and enthusiasm engendered by active par- 
ticipation in live problems are often much 
more effective in developing the student’s 
potential capacities. 

2. The learner must have a_ goal. 
Learning takes place only when the 
learner is trying to reach an objective. 
He must be motivated. The more desir- 
able the goal, the more immediate and 
realistic it is, the stronger is the motiva- 
tion to learn. 

3. Objectives for task assignments 
should be as clear and as immediate as 
possible. The goals or objectives to be 
achieved and the lesson assignments or 
tasks should be clearly defined. The ob- 
jectives should not be merely some distant 
or vague goal, but should be as definite 
and as immediate as possible. This does 
not mean that the specific steps or the 
methods of procedure are to be given. 
Part of the assignment might well be to 
require the student to define clearly his 
own goals before proceeding in the solu- 
tion of the problem. 
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4. The learner must know wherein he 
succeeds or fails. Since, for effective 
learning, the student must strive to solve 
a problem or to acquire knowledge and 
skill, he must know promptly what prog- 
ress he has made and precisely where he 
has failed. Routine drill without knowl- 
edge of results destroys zeal for learning. 
The good elements of a product should be 
recognized and praised, and only the spe- 
cifie defects, rather than the whole, should 
be adversely criticized. Fewer assigned 
problems, but all of these more carefully 
prepared and corrected, result in better 
learning. There are inherent values in 
having the student identify his products as 
his own creation. It is quite instructive 
for the student to evaluate, regularly and 
critically, his own degree of success or 
failure. 

5. True education requires understand- 
ing and mastery of the material to be 
learned. This means insight into the 
fundamental laws or principles and pro- 
ceeding from them to the formulas apply- 
ing to a particular situation. Insight is 


developed by proceeding from the known 
to the unknown, from old concepts to new 
ones, from simple problems solved by one 
principle to complex problems involving 


more than one law or principle. This de- 
velops solid growth, insight and power in 
the use of basie principles, it gives to the 
student confidence, and it leads to initia- 
tive and originality in meeting new situa- 
tions. 

6. Repeated practice in different ap- 
plications is essential. Repeated success- 
ful practice is better than fewer prolonged 
learning periods. A new idea should be 
repeated several times in different rela- 
tionships and applications. These repeti- 
tions should not be routine, but each 
should reach a successively higher level. 


B. MASTERY vs. COVERAGE 


Engineering is not easy. For success 
it demands hard, purposeful work. Re- 
sourcefulness, and at times, inspiration, 
are needed, but for continuing profes- 


sional success there must always be pres. 
ent the ability to work hard, inte lligently 
and purposefully. 

The Committee believes, however, that 
in engineering education entirely too m uch 
time is spent on profitless, repetitive, yoy. 
tine assignments. This is not to say that 
practice is not needed to develop skills 
but rather to suggest that a close survey 
of curricula will disclose time spent tha 
might be better devoted to other pur. 
poses. In particular, the question may he 
asked whether a good many so-called 
problems really are problems in the sense 
that they require constructive thought and 
the development of judgment. All too 
often they merely require the following of 
a pattern of solution already illustrated 
or the substitution in a formula already 
derived. 

Under pressure to cover ground, all en- 
gineering curricula have been so designed 
that they require the student to pursue 
knowledge and ability simultaneously in 
a considerable number and variety of sub- 
jects. Often this is done at some sacrifice 
of thoroughness, mastery of fundamentals, 
training in accuracy, or the development 
of facility for written and oral expression. 
Improvement needs to be made by concen- 
trating the student’s efforts on a smaller 
field of coverage, in order better to de- 
velop his command over fundamental laws 
and their uses, to increase his resourceful- 
ness to face new and untried situations, 
and to improve his ability to express him- 
self. In a word, to do less but to do it 
better is a desirable aim of engineering 
education for the immediate future. 


C. TEacHING From Basic Laws 

The terms “basic laws” and “derived 
formulas” are relative rather than abso- 
lute. Generally speaking, basic laws are 
the mathematical statements of funda- 
mental scientifie principles. Derived 
formulas, developed from the basic laws, 
often apply only to limited areas of engi- 
neering practice. The basic laws com- 
monly employed in any given area of en- 
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gineering are not numerous, and are the 
true building blocks of engineering, both 


‘at the educational and the professional 


levels. 
Insight into the basic laws and their 


physical meaning can be of inestimable 
ies since it helps the student gain a 


| sound conceptual understanding of his en- 


gineering subjects. Basic laws are also 
indispensable to the engineer in dealing 
with new problems. As the engineer 
achieves professional stature, the old laws 
will take on new meanings and he will 
learn new basie laws, which, combined 
with the old, will give him a deeper in- 
sight into the foundations of engineering 
than is possible even from an extensive 
knowledge of derived formulas. These 
derived formulas and accepted practices 
so necessary in specific engineering ap- 
plications should be derived, whenever 
possible, from the basie laws of science. 

It follows that problem assignments 
should, in so far as possible, require the 
student to arrive at conclusions by the use 
of basic laws. It is also instructive to 
assign problems in which the student de- 
rives or extends the applications of one of 
these laws. It may be worthy of mention 
that numerical or graphical solutions may 
often proceed directly from basic laws to 
end results without need of derived form- 
ulas as an intermediate step of analysis. 

Many of the principles which we con- 
sider basie in engineering today existed 
only in the realm of pure mathematics or 
physies a quarter of a century ago. In 
view of the spectacular progress being 
made in physies and engineering, it seems 
inevitable that new basic laws will be in- 
troduced in the undergraduate curriculum 
in the years to come. It is the responsibil- 
ity of the instructor to seek these out and 
to present them to the student in under- 
standable and usable forms. 

Closely related to the need for emphasis 
on basie laws is the importance of co- 
ordinating the subject material of various 
engineering courses through their employ- 
ment in many parts of the curriculum. 


D. ENGINEERING—AN ExpANpDING Bopy 
OF KNOWLEDGE 


Engineering and science should be 
taught as a dynamic body of knowledge, 
which is constantly expanding. Students 
are vitally interested in knowing some- 
thing about the limits of present-day 
knowledge, the directions of expansion, 
and the probable frontiers of the future. 
An undergraduate course which conveys 
the impression that all knowledge of the 
subject is known and that there are no 
frontiers of development is sterile and 
uninteresting. 


E. StupENT ParTICIPATION IN His 
LEARNING PrROcESS 


Successful teachers give careful con- 
sideration to methods of stimulating in- 
terest and arousing the student’s enthu- 
siasm in the subject. These can best be 
developed by a method of teaching which 
brings the student into active participa- 
tion in his learning process and which 
gives him ample opportunity to express 
his ideas. For example, the teacher might 
start the class by proposing a specific 
problem, to illustrate a fundamental prin- 
ciple, and then solicit suggestions from the 
students on methods of attack. This in all 
probability will result in a stimulating 
discussion with considerable zest and en- 
thusiasm for finding a solution. This 
method serves to develop sound and log- 
ical thinking, ability for self-expression, 
and a high degree of motivation, since the 
student’s rather than the teacher’s ideas 
appear to be the focal points of the dis- 
cussion. However, this method of instrue- 
tion requires careful planning and skilful 
guidance if desired objectives are to be 
attained. 

The principal limitation in the student 
participation plan is that it is difficult to 
maintain the same rate of progress as in 
the purely lecture type of course in which 
the instructor presents the material in an 
orderly, logical pattern. It may there- 
fore be desirable to use both methods in 
appropriate proportions—the lecture 
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method, with some opportunity for in- 
formal student comment, to give a clear 
understanding of basie principles, and 
also the student participation method, to 
illustrate appiications of these principles. 
This advances the student’s knowledge 
rapidly yet permits him to develop both 
his individual capacities and his ability to 
contribute through group discussions. 

Wherever possible, the problems should 
deal with real situations so that motiva- 
tion is provided by a sense of accomplish- 
ment when a student reaches a conclusion. 
The problems should be directed also to- 
ward the goal of learning to deal with new 
situations, using basie principles, rather 
than merely in obtaining numerical solu- 
tions by use of derived formulas. 


F. TRAINING IN ACCURACY 


Frequently students are not trained to 
develop habits of accuracy in their work. 
They should realize that mistakes involv- 
ing life or dollars cannot be tolerated in 
engineering practice and that they must 
develop habits of accuracy not only in 
their initial computations, but must al- 
ways check their work. They must learn 
also to size up their work to see whether, 
from the data and conditions, results are 
reasonable and that there is dimensional 
homogeneity throughout the quantities of 
an equation. 


V. DEVELOPMENT OF RESOURCE- 
FULNESS AND ORIGINALITY 


At times we lose sight of the latent pos- 
sibilities for creative work possessed by 
engineering students. There is evidence 
that all levels and kinds of creative ability 
may be found, and that through training 
directed to that end, the powers of an in- 
dividual may be enhanced much more than 
is commonly supposed. 

In a qualitative sense, perhaps original- 
ity is the best single word to describe the 
abilities with which we are concerned, 
though the terms ingenuity, inventiveness, 
and creativity are also deseriptive of the 
qualities with which we are dealing. Re- 
sourcefulness, which is a characteristic of 
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all successful engineers, is close|, 
to originality. 

It is believed that the engineer Will 
progress best if, before leaving college, he 
is given certain principles and practices 
related to original work. These wil] be 
concerned with alertness for the discovery 
of new problems and new facts and with 
facility for dealing with unfamiliar sitya. 
tions. He needs to develop: a method ang 
habit for clearly stating objectives, idea 
fluency in proposing solutions, a skil] for 
matching the probable results of such pro. 
posals against the desired objectives, and 
an ability to negotiate the acceptance oj 
his ideas. 


relat 
Plated 


A. Steps in CrEATIVE Prosiem Sotyiyg 


The practicing engineer is concerned 
with problems which do not come to him 
neatly packaged under the sequential 
heading of “Given” and “Find.” He jis 
concerned with the much more general 
arts of discovering and defining problems 
as well as with solving them. 

Let us consider three questions: 


(1) Where do problems come from? 
(2) What do people do with them? and 
(3) What should the engineer do with 
them? 


A complete engineering problem calls 
for its statement both in terms of a human 
want and in terms of certain physical re- 
sults. The latter become the goals which, 
if achieved, it is believed will satisfy the 
want. In endeavoring to solve a problem, 
the engineer may try to find a new com- 
bination of old ideas; or he may seek to 
discover new ideas or facts which, when 
appropriately combined, yield a desired 
result. 

The four parts to engineering problem 
solving may be stated as follows: 


1. Discovering a Human Want * 


The statement of a problem is preceded 
by the existence of a human want. With 
the engineer this should lead to a kind of 
"3 As used here, ‘‘want’? implies many 
things of which physical goods may be only 
a single classification. 
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optimistic diseontent. The engineer who 
does not have the urge to do things dif- 
tly and better is not likely to in- 


feren 
He should feel that he must state 


vent. 


roblems accurately and that he will find 


sbtions if they are sufficiently justified. 


9. Statement of Goal 


In endeavoring to make a concise state- 
ment of a problem, one might start by 
listing all faetors which seem to have a 
bearing on it. Through classification and 
consolidation, an effort should be made to 
extract from these factors a statement 
somewhat of the following form: 


(a) The purpose is to produce (if a de- 
sign is called for) 
or the purpose is to determine (if 
an analysis is needed) 

(b) To overcome the specific obstacles 


Under item (a) could be listed a device 
or test. Under (b) could be stated any 
related restrictions. The latter might in- 
clude undesirable features of the present- 
day situation or equipment. There might 
be, and often is, the question “Why do it 
this way?”. It might also include difficul- 
ties to be encountered in negotiating the 
acceptance of a solution. Under (ec) could 
be placed all manner of specifications. 
Besides the usual ones of cost, size, weight 
and performance characteristics, other eri- 
teria may be necessary in the initial stages 
ofa development. Thus, if a hitherto un- 
seen device or material is called for, a list 
of minimum acceptable criteria may be 
needed. However, if more than one set 
of physical results will satisfy minimum 
criteria, there may be required a weighted 
grading system concerned with how any 
or all sets of physical results exceed the 
minimum requirements. On such a basis 
the engineer decides which of several pro- 
cedures he should carry forward. 


3. The Incubation Period 


Suitable combinations of idea elements 
for the solution of a problem usually do 
not just hatch. If the problem is difficult, 


this period will be one of great effort 
characterized by considerable frustration 
and indecision. 

One of the greatest difficulties is that 
winning combinations are often too elab- 
orate for the mind to include in a single 
span of comprehension. However, stu- 
dents should learn that if the necessary 
individual elements can be listed, a large 
problem may be reduced to a series of 
smaller ones which may be solved one at 
a time. A continuing effort so to reduce 
the major problem is a means of avoiding 
confusion and frustration. 

Closely related to the foregoing is the 
fact that needed idea elements often are 
not brought forth because they are em- 
bedded in the memory of different situa- 
tions where they were first learned and ap- 
plied. The disassociation of such knowl- 
edge, so that the pertinent parts may be 
transferred to the new problem, represents 
a difficult feat. Correlation of courses in 
accord with basic laws gives a helpful 
background for the transfer of ideas. The 
ability to draw analogies is also a power- 
ful device and its use may be developed. 
It may be desirable at times to take a rest 
from part or even all of the problem in 
order that useless ideas may fade out of 
one’s consciousness. 

Other common difficulties of the ineuba- 
tion period are: 

(a) Presumed pertinent facts are only 
partially true, or even totally untrue. 
Those which are only partially correct 
seem to be the most difficult with which 
to deal. 

(b) Perhaps not enough data are avail- 
able to solve the problem. 

(ec) When a potential solution has been 
found, it is not time to stop; modifications 
and alternate solutions often can be found. 
Since engineering is a highly competitive 
field, it is important to look for the best 
solution, and also to stake out avenues for 
improvements which permit later develop- 
ment. 


4. Final Negotiations 


To capitalize on any problem solution, 
it is generally necessary to negotiate its 
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acceptance. Usually the young engineer 
is shocked to discover that he has not only 
to do the job, but to persuade others to 
accept his ideas; and at times he is more 
than shocked to find that the man who 
presented him with the original task is 
often his severest critic. 


5. Summary of Traits Required for 
Original Work 


The following personal characteristics 
and abilities seem to be essential for crea- 
tive engineering accomplishments: 


(a) Personal characteristics: 

1. Active desire to achieve. 

2. Optimistic discontent. 

3. Directed curiosity. 

4. Memory for basie facts and 
for the data pertinent to the 
present work. 

5. Imagery—the ability to vis- 
ualize in two and three dimen- 
sions, and in symbolic nota- 
tions. 

. Logical thinking—to check for 
both matches and mismatches 
between the results of a given 
combination and those re- 
quired by the stated goals. 

(b) Abilities: 

1. To state the problem. 

2. To reduce it to a series of 
small goals. 

3. To associate idea elements and 
to reevaluate the requirements. 

4. To work hard, to discuss, ete., 
and to set the stage for the 
appearance of the winning 
combination even if this calls 
for the complete abandonment 
of the problem for a period of 
time. 


B. REFLECTED PROBLEMS IN ENGINEERING 
EDUCATION 


Problem work which calls for facility 
with new and unfamiliar situations should 
be included in the undergraduate eurric- 
ulum. Motivation for such activity is an 
item of primary importance and a theme 
which should be carried through all four 
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years of study. However, the abilities ang 
work methods of the creative engineer can 
be broken down into components jn such 
a way that many of the present college 
courses can be made to contribute much 
more than they often do to the develop. 
ment of the student’s capacity for dealing 
with new and unfamiliar situations, The 
following are suggested as some of the 
curricular possibilities. 


C. THe Prosecr Meruop 


This is probably the most valuable of 
the methods that may be used to develop 
originality and resourcefulness. ; 

By “project method” is meant the yse 
of problems of more comprehensive scope 
than those of the usual type employed in 
introductory courses which involve only 
a single element or operation. Projects 
may range from simple situations which 
may be used to introduce the method in 
the lower years to those for more mature 
students which are of larger scale and 
more complex nature involving search for 
the prineiples involved. Only a few pro- 
jects of major scope might be assigned in 
a semester. The undergraduate thesis or 
senior seminar paper should represent the 
culmination of this method of instruction. 

In the project method, as in the solu- 
tion of most engineering problems, the 
student is required to: 


(1) Identify and define the whole prob- 

lem. 

(2) Plan the solution. 
Choose the analytical methods and 
tools of solution and earry out the 
plan. 

(4) Test the results. 

(5) Evaluate the process and draw con- 
clusions. 


1. Educational Gains from Use of the 
Project Method 


The project method is more costly 
than the customary classroom-laboratory 
method in terms of student and instructor 
time and of laboratory equipment. If 
used to an appreciable extent it means also 
that the student will cover less ground 
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Failure to cover quite as much ground, 
provided the student will not lack essen- 
tial knowledge, should not be considered 
adverse to the project method. The end 
result should be better mastery of funda- 
mental principles and greater confidence 
and skill in their use. 

The project method places the student 
more on his own responsibility than do 
wethods of instruction more commonly 
ysed. The student must, of course, be 
civen help when he really needs it. Some 
foundering ean provide beneficial experi- 
ence. A major purpose of the project 
method is to give the student a sample, 
even if a small one, of the way he will 
meet conditions after graduation. It is 
intended also to serve as a means of break- 
ing the lockstep of work assigned in small 

S jaily installments from period to period 
and from examination to examination, a 
practice that often seems to extend from 
the time of entry until graduation. 

The Committee believes that entirely too 
much of the student’s time is consumed in 
repetitive, routine jobs. It is true that 
practice is needed to develop skills. How- 
ever, a close survey of many courses would 
reveal that a substantial amount of time 
could be devoted more profitably to other 
purposes. In particular, the question 
might be asked: How much of the prob- 
lem assignment deals with exercises which 
uerely require the following of a pattern 
of solution already illustrated or the sub- 
stitution in a formula already derived? 

While the project method can be used to 
good advantage to give the student ex- 
perience in original and creative thinking 
in probably every engineering course, the 
following provides a few specific ex- 
amples : 


2. Drawing, Shop and Kinematics 


Courses in drawing, shop, and kinemat- 
ws could contribute significantly by in- 
cluding problems which require the stu- 
dent to exereise resourcefulness and in- 
genuity in putting various elements to- 
gether to get a desired solution. 

It may be assumed that the development 
of a three dimensional sense will prove as 


valuable to the engineer as will knowledge 
of shop techniques and the language of 
drawings. It is not too difficult to achieve 
reasonable ability in isometric and perspec- 
tive line drawing. Transparent models 
and freehand drawings by students, using 
color to illustrate the various parts, have 
great educational value. A _ substantial 
amount of material has been catalogued on 
devices and mechanisms. The design prin- 
ciples embodied in these devices often 
prove to be the building blocks for new 
equipment. 


3. Classroom aad Computing Periods 


Oceasional lectures which describe spe- 
cifie creative work may arouse students to 
a desire to make contributions of their 
own. Many examples can be prepared in 
any field to show how engineering prob- 
lems arose, how they were broken down 
into smaller problems, the obstacles which 
were met and how they were solved, and 
how the results became accepted. How- 
ever, it should be clearly recognized that 
the student ean develop his own creative 
abilities only by coming to grips with 
problems in which he himself is trying to 
be the originator or creator. 

A few problems might be employed 
which include too much information and 
others which contain too little. Again a 
problem might be introduced containing 
an error in the engineering diagram. 
These would be of value because discrimi- 
nation and reasoned assumptions are com- 
monly called for in uncharted areas, and 
each may require resourcefulness or orig- 
inality. 


4. Laboratory 


Laboratory work may be employed to 
substantiate theory which has been pre- 
sented in texts and lectures. If the phi- 
losophy is adopted that, after the tech- 
niques are learned, one of the prime pur- 
poses of laboratory work is to develop 
self-reliance and ingenuity, then a great 
deal may be accomplished. Examples may 
be cited wherein only the end results are 
specified and a squad is permitted to plan 
the test, select the equipment and carry 
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out its own program. By such a process 
fewer experiments and write-ups will be 
completed, but engineers will be produced 
who ean do more than follow stereotyped 
cook-book instructions. 


5. Seminar, Elective Courses and In- 
dependent Study 


Courses such as these, coming as they 
usually do in the senior year, may be de- 
signed explicitly to encourage originality. 
However, except for a small percentage of 
the students, neither enthusiasm nor re- 
ults should be anticipated unless the stu- 
dents have been: prepared for this sort of 
work during their earlier years of study. 
It is imperative to give the individual stu- 
dent broad latitude in selecting his own 
goals in order that he will develop the in- 
terest and drive necessary to carry such 
work to a successful conclusion. 


6. Research Projects 


It is often desirable to place promising 
undergraduates on full scale projects 
where they may assist staff members who 
are engaged in research. Much ean be ac- 
complished provided that intelligent at- 
tention is given to educational possibilities. 
The changes in viewpoint and the reasons 
for decision should be made quite clear 
to the students in order that they may 
learn to discriminate, to eut through the 
non-essential matters, and to develop engi- 
neering judgment. 


VI. COORDINATION OF 
INSTRUCTION 


An asset of engineering education is the 
opportunity to use several methods of in- 
struction in a given field. Methods com- 
monly employed are: the lecture-recitation 
procedure, which is used chiefly to aid the 
student in obtaining an understanding of 
basic laws; laboratory work, to strengthen 
such understanding and also to develop 
skill in experimental techniques; and de- 
sign work, which is used both to show how 
engineering principles are applied in situ- 
ations simulating practice and also to il- 


lustrate how principles from related 
ean be combined to yield a solyt 
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A. COORDINATION BETWEEN ENGIN pEpyy, 
COURSES 


Coordination of methods of instry¢ 
means conducting courses in such , 
manner that the student sees the relation. 
ship between a subject as it is studied jy 
the classroom and as it is applied in the 
laboratory or in design. In a single sy). 
ject it is desirable to have recitation an) 
laboratory work either simultaneously or 
in a planned sequence so that the student 
applies principles soon after he has 
studied them theoretically. This brings to 
him both a better understanding of the 
theory and a better appreciation of the 
limitations surrounding its use. 

The opportunity to realize these aims 
varies with courses. The optimum realiz. 
able coordination of class and laboratory 
work probably occurs in chemistry, with 
physies and mechanics in nearly as fayor- 
able situations. In such courses as heat 
engineering and unit processes, which em- 
ploy complex fixed equipment, it is more 
difficult to achieve close coordination. 
However, opportunities exist in courses 
even of the latter type to use relatively 
simple inexpensive equipment that may be 
duplicated to achieve better coordination 
with classroom work. When such equip- 
ment is used, the experimental work often 
can aid the student in mastering prin- 
ciples to even greater advantage than is 
possible with the more elaborate equip- 
ment. 

Most of the major engineering labora- 
tory work employs subject matter covered 
much earlier in preparatory courses. 
Numerous examples of this are to be 
found in chemical engineering unit opera- 
tion laboratory courses. In these it is 
necessary that the work be so taught that 
the students will see clearly the relation- 
ship of the experiments to the principles 
previously taught either in the same or 
other departments. 

One of the better opportunities for co- 
ordination lies in the field of materials of 
engineering. Recitations, laboratory and 
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design all consider the use of materials in 


machines, in process equipment, and in 


eruetures. Basie studies of materials oc- 
cur in the shop, the materials testing lab- 
oratory, the course in strength of mate- 
rials, and courses in metallurgy. Hence, 
instruction in materials is given in sep- 
arate segments, yet not often as related 
parts of a major field. Here exists an 
opportunity for the instructor and student 
to realize that portions of the subject 
material in many courses form parts of 
the whole field of engineering materials. 


B. CooRDINATION WITH HUMANISTIC- 
SoctaAL COURSES 


The foregoing relates expressly to co- 
ordination within the scientific-technolog- 
ical stem of the curriculum. There are op- 
portunities to improve coordination of the 
technical and scientific with the human- 
istie-social courses. An example is in de- 
veloping the art of expression. Students 
are most likely to understand and be im- 
pressed by the necessity for the use of 
clear expression if it is required in their 
engineering courses, and if they learn that 
sloppy writing or speaking is a serious 
handicap in engineering practice. Engi- 
neering curricula, because they require a 
great deal of report writing, offer many 
opportunities for additional training. 
Correction of faults in oral presentation 
in the classroom is as important as correc- 
tion of written papers. But it should be 
emphasized that engineering teachers must 
take the prime responsibility for the good 
written and oral expression of their stu- 
dents. 

There are also opportunities for the co- 
ordination of other humanistie-social sub- 
jects with scientifie and technological sub- 
jects. Economies is one of these. As an 
example, every teacher of engineering 
knows that the advent of heat power as a 
means of doing work brought on a revolu- 
tionary change in our whole economie and 
social organization. There are opportun- 
ities to introduce many specific examples 
which show the impact of technology upon 
our present-day social-economic system 


and thereby to impress the student with 
the significance of his studies in economics. 
However, in the attempt to achieve eor- 
relation, we should not expect to distort 
the studies of our students in the social 
science and humanities so that these be- 
come modified engineering courses. The 
social science and humanities courses are, 
in their own right, vital parts of the engi- 
neer’s education. Their function is to 
give the student a mature viewpoint, 
gained through an increased knowledge of 
cultures and civilizations; an understand- 
ing of social and ethical concepts and their 
effects upon the present-day world; an in- 
sight into the origin and functioning of 
social and industrial institutions; as well 
as an understanding of economic prin- 
ciples in modern industrial society. They 
provide experience with different proced- 
ures for collecting data and different rea- 
soned approaches to conclusions. They 
offer opportunities for enriched intellee- 
tual lives through the development of in- 
dividual cultural interests. Any attempt 
to channel such courses into purely engi- 
neering areas will deprive our students of 
essential opportunities for development. 


C. EpucatioNaL Function or EXAMINA- 
TIONS 


It is often assumed that the major pur- 
pose of examinations is to evaluate the 
performance of students. Examinations 
do, of course, serve the purpose of keep- 
ing the student aware of the quality of his 
work and of acquainting him with his 
mistakes and weaknesses. The results of 
an examination may also acquaint the in- 
structor with his own shortcomings as evi- 
deneed by his students’ work. But these 
are only some of the values; if properly 
planned, examinations serve other import- 
ant educational purposes. They can stim- 
ulate the student to review the course, 
thereby achieving a better organization in 
his mind of the subject matter. They 
place the student on his own responsibility 
and require him to think for himself. If 
so prepared, they may require him to use 
more than a single principle to solve a 
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problem and thus to synthesize his knowl- 
edge. 

If administered by the open-book plan, 
examinations may require the solution of 
fairly comprehensive problems in which 
the student must bring to bear and hence 
correlate his knowledge of principles and 
data from more than one field. Examina- 
tions of this type will require a generous 
time allotment and some preparatory con- 
ditioning of the student, but they have 
educational value well beyond those used 
merely to inventory the student’s knowl- 
edge. -Open-book examinations are best 
adapted to upper class subjects but are 
not necessarily so limited. Teachers who 
have employed such examinations usually 
are convinced of their value as an integral 
part of the program for student develop- 
ment. 

D. Roration or INstrUCcTORS 

While practice differs, there is a tend- 
ency among departments to confine an in- 
structor’s work to a small group of related 
courses and to leave him on such a set of 
assignments indefinitely. This does not 
give him an opportunity to broaden either 
his technical interests or his evaluation of 
the program of the school as a whole. 
Also it does not bring to a given subject 
the benefits of fresh points of view. It 
is recognized that each department must 
have specialists, particularly at the higher 
levels, but some of these men might also 
enjoy the opportunity to “renew their 
youth” scholastieally by teaching an in- 
troductory course from time to time. It 
is believed that there would be definite ad- 
vantages in rotating instructors among the 
several introductory courses of a depart- 
ment, and even to extend this practice be- 
yond departmental lines. 

One of the best ways of achieving cor- 
relation of subject material in various 
courses is to rotate teachers among the 
courses that each may acquire a better 
overall picture of the structure and con- 
tent of the curriculum. Ideas soon de- 
velop on how the material can be better 
correlated. 


VII. DEVELOPMENT AND GRowry 
OF TEACHERS 


The teacher is the key factor in {hp ef. 
forts to improve teaching. Every admin. 
istrative officer realizes his responsibility 
to recruit and retain a strong faculty. |; 
is equally important for the dean and q 
partment head to aid his faculty to jy. 
crease in effectiveness by individual and 
collective efforts; to provide opportunities 
for leaves of absence for advanced stydy 
or industrial employment; to provide op- 
portunities for research; and in gener! 
to create an atmosphere favorable to prog. 
ress. It is very important that there he 
a definitely understood policy to rewar 
achievements in effective teaching. 


A. ORGANIZING AN ENGINEERING Facvrry 
FOR IMPROVEMENT OF TEACHING 


Continuous organization for the in- 
provement of engineering education shou) 
be a normal faculty function. It is be. 
lieved that the value of the work of thy 
institutional committees, whose contriby- 
tions are so largely reflected in this report, 
bears out this claim. Such organizations 
may take several forms. Through formal 
meetings younger staff members may meet 
with the dean, department chairmen, and 
senior staff members. Members of the 
staff of the School of Education should be 
invited to present some matters of basic 
importance to teachers. Informal meet- 
ings of staff members may be instituted 
for the discussion either of problems re- 
lated to specific courses or for the con- 
sideration of more general educational 
problems. Successful teaching is a skilled 
art, and one in which the new instructor 
ean profit immeasurably from the experi- 
ences of others. 

Somewhat less formally organized meth- 
ods may be employed. A practice some- 
times used is to assign a younger teacher 
to an experienced faculty member, so that 
the younger man may audit a course, fol- 
low the methods employed and thought- 
fully consider the development of his own 
procedures. In addition it may be well 
for a younger teacher to invite a more ex- 
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perienced staff member to audit his work 


in order that the young teacher may gain 
from suggestions and constructive criti- 


asm. 

“The benefits of cross fertilization are 
well recognized. Visiting professors 
should be sought—particularly those who 
are known to be excellent teachers and 
those who have new methods or new mate- 
rial to present. They afford other staff 
members the opportunity for auditing and 
observing. The use of men from industry, 
who eome to the colleges either for short 
or for extended periods of time, may bring 
to the colleges fresh view points. The 
latter procedure may have much the same 
value as the experience which staff mem- 
bers gain through part-time employment 
in a single industrial department. 

The scheme of encouraging the appoint- 
ment of institutional committees for im- 
provement of teaching, which has been 
promoted by this committee through 
ASEE, has proved useful because the in- 
stitutional committee is formal enough to 
be recognized and still informal enough 
to work under its own initiative. The fact 
that there is a committee doing something 
about improvement of teaching will direet 
attention to the problem and stimulate in- 
terest in it. If these committees identify 
good techniques in each of the schools, a 
very considerable improvement may be 
achieved. The fact that more than a 
thousand engineering teachers have taken 
part in sueh formal discussions during the 
past year is a matter of great importance 
to engineering education. 


B. THe DEVELOPMENT oF INSTRUCTORS 


This portion of the report is based upon 
answers obtained to a number of questions 
submitted to a selected group of experi- 
eneed teachers. The questions dealt with 
intra-departmental methods of developing 
young instructors and represent a cross- 
section of opinion and experience. It is 
to be noted that a significant number of 
institutions is making systematie efforts to 
assist the younger teachers to improve 
their work. 


1. Frequent meetings are conducted 
during a term for both new and experi- 
enced teachers giving the same course. 
They gather to diseuss objectives of in- 
struction, methods of presentation, ete. 

2. New teachers meet each week with an 
experienced teacher acting as chairman. 
They are likely to be teaching the same 
courses and take turns presenting some of 
the material of the next week’s classes, 
while others criticize and ask questions. 
The senior member is chary of criticizing, 
but by means of questions brings out the 
fact that there are more ways than one to 
present the topic. This method induces 
very careful preparation several days be- 
fore a given subject is introduced to the 
student. 

3. New teachers are encouraged to bring 
their teaching problems to senior members. 
Each junior staff member may thus pay 
weekly visits to a senior member for guid- 
ance and counsel. The senior member may 
be assigned by the chairman of the depart- 
ment, or he may be chosen by the junior 
member. The new teacher needs a max- 
imum amount of encouragement, and a 
minimum of supervision. 

4. The work of the new teacher is reg- 
ularly supervised by a senior member. 
Together they plan and discuss the weekly 
schedule of material, quiz making, and 
methods of grading. They may also ar- 
range to exchange class visitations. 


C. REcoGNITION oF Goop TEACHING 


As a fundamental policy, too often not 
observed, good teaching should be recog- 
nized and rewarded. Rewards should in- 
clude the tangible form of promotion and 
increase in salary. Good teaching is not 
always accompanied by research or pub- 
lications, though these are earmarks of a 
progressive spirit that is often reflected in 
inspired teaching. It is very important 
that it be known universally among staff 
members that good teaching per se is 
watched for and will be recognized and re- 
warded just as is authorship and research. 

If many of the improvements of teach- 
ing that are advocated in this report are 





46 IMPROVEMENT OF ENGINEERING TEACHING 


to be adopted, both teaching and study 
loads must be held within limits that will 
permit instructors to devote sufficient time 
to the development and broadening of 
their experience. This remark does not 
apply to research in institutions that sys- 
tematically compensate for time so ap- 
plied by proportionally reducing teaching 
loads, but it does apply to excessive teach- 
ing loads, either as measured by number 
of class hours per week or by number of 
students per instructor or both. General 
observation supports the conclusion that, 
in general, teaching loads in engineering 
are too heavy either as measured on a 
scale involving amount of time available 
for constructive improvement of teaching 
or in comparison with other fields of in- 
struction. 


VIII. RECOMMENDATIONS 


A. CONTINUATION OF COMMITTEES 


This Committee recognizes that a con- 
certed movement to improve the quality 
of instruction in engineering colleges must 
be a continuing effort. The success of the 
present program to enlist the cooperation 
of faculties throughout the country lends 
much encouragement to the hope that this 
undertaking may continue during many 
years to come. Engineering teachers 
agree that teaching can be improved. En- 
gineering education is not static; it is 
dynamic. Constant changes in science and 
in the art of engineering practice bring 
new requirements and opportunities. It 
is important that these efforts at self-ap- 
praisal continue, and it is even more im- 
portant that they should be reflected by 
continuing efforts to bring about improve- 
ments in the real center of engineering 
education, which is the classroom. 

This Committee suggests, therefore, that 
institutional committees, such as were ap- 
pointed to cooperate in the preparation of 


this report—possibly with rotating mem. 
bership—be a continuing function of wal 
engineering college. It also recommen), 
that each engineering college adopt fo 
itself a definite plan to assist the you 
teacher in developing more effective teach 
ing methods achieving professional groyt) 
These factors are far too important to th; 
institution to be left to unguided chan« 
development. 
B. SCHOOLS FOR ENGINEERING TeAcyyps 
As an additional recommendation, th 
Committee proposes, in accordance with 
suggestions from correspondents, thy; 
special schools or postgraduate  traip. 
ing programs for the specific purpose o! 
aiding teachers to improve their method: 
of instruction be established in strategi. 
eally located institutions. These pos. 
graduate programs must have strong staffs 
in engineering, science, and the human. 
istie-social studies relating to engineering, 
as well as teachers either from faculties 
of education or selected from the engineer. 
ing group because of their known skill in 
teaching. It is hoped that if such schools 
can be established, means ean be found 
for aiding teachers financially so that they 
can attend for an academic year. One 
possibility is that of granting a leave oi 
absence with salary; another is the sub- 
vention from an educational foundation. 
It is suggested that the sponsoring insti- 
tutions offer academic credit and a suil- 
able advanced degree for successful con- 
pletion of the program. Programs con- 
bining such work in education with sub- 
ject matter courses in engineering or ad- 
ministration would serve a very useful 
purpose. Opportunities must be provided 
for suitable research which may be related 
either to educational methods, the correla- 
tion of knowledge, in addition to the more 
conventional types of work in specialized 
areas of engineering and applied science. 
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To Sotomon Capy Howuister for his and the necessity for using them to their 

| excellent work in stating the functions of greatest efficiency; for his achievements as 

engineering education and his dynamic a teacher, a consulting engineer, a research 

leadership in putting them into practice; worker and an engineering educational 

for his untiring efforts in bringing to administrator, we award this the 25th 
public notice the great need for engineers Lamme Medal. 
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SoLtomon Capy HOLuIsTer was born in 
Crystal Falls, Michigan, on August 4, 
1891, the son of Solomon Davis and Mary 
Runkel Hollister. The family moved west- 
ward to the State of Washington in his 
early youth, bringing to him an experience 
that still holds many vivid memories. Al- 
though his career has brought him again 
to the East, many of Dean Hollister’s as- 
sociates will credit him with a Western 
viewpoint—full-scale and distinctly three- 
dimensional. 

His collegiate training started at the 
State College of Washington and was con- 
tinued at the University of Wisconsin, 
where he received the B.S. in C.E. in 1916 
and the C.E. in 1932. He was awarded 
the honorary degree of Doctor of Engi- 
neering by Stevens Institute of Tech- 
nology in 1942, and is being similarly 
honored this year by his alma mater, Wis- 
consin, with the Doctor of Science degree. 

For a period of some fifteen years after 
graduation Dr. Hollister engaged in a 
wide range of professional practice, in- 
cluding an initial venture in the academic 
world as an instructor in mechanics at the 
University of Illinois in 1916-17. 

It was at this time that reinforced con- 
crete construction was emerging from the 
status of a somewhat unpredictable art to 
that of a structural science. Dean Hol- 
lister soon became associated with several 
of the major activities in this field. By 
1918 he was a member of the Joint Com- 
mittee on Standard Specifications for 
Concrete and Reinforeed Concrete, and in 
1919-20 he served as chief design engineer 
and head, Investigation Branch, Concrete 
Ship Section of the U. S. Shipping Board. 
Although his career has since taken him 
into various other engineering interests, 
he has maintained a close affinity with con- 
erete technology as a teacher, consultant, 
and member of numerous technical groups 
in the field. His long association with the 
American Concrete Institute includes sev- 
eral committee chairmanships and two 
terms as president, 1932-1934. 

Of his many publications a good num- 
ber deal with concrete and structural de- 
sign, including an A.C.I. Wason Research 


Medal paper on the design and constyy,. 
tion of a skew arch bridge. 

As a consulting engineer in the 199, 
he became interested in the potentialiti« 
and problems of structural welding. 
undertook the development of the more 
vigorous methods of stress analysis ay) 
engineering control required in welde 
fabrication. This interest, in turn, |e 
him back to the academic scene in 1939, 
when he was appointed Professor 
Structural Engineering and Assistant )j. 
rector of the Testing Materials Laboratory 
at Purdue. His work on photoelastic 
methods of analysis led to his appointmen: 
as consulting engineer to Babcock anj 
Wilcox on the design and fabrication of 
the Hoover Dam penstocks. He has since 
carried out a number of assignments for 
this company on high pressure boiler de. 
sign. Other consulting activities with in. 
dustry and government agencies have 
covered a wide range of engineering prob- 
lems. During this period he also con- 
ducted research on the transit mixer which 
became the basis of specifications for con- 
erete mixed in this manner. 

In 1934 he came to Cornell as Director 
of the School of Civil Engineering, and in 
1937 he was appointed Dean of the Col- 
lege of Engineering. He has since ¢e- 
voted much time to educational develop- 
ment, and particularly to the relation of 
engineering education to the profession. 
At Cornell, the five-year undergraduate 
engineering curricula are one expression 
of the resultant philosophy. 

His years at Cornell have been both 
challenging and rewarding. He has won 
the enthusiastic support of the alumni, 
and this, coupled with the will of his col- 
leagues on the campus, has made possible 
both educational advancement and phys- 
ical development of considerable magni- 
tude despite the disruption of the war 
years. 

Since his association with the academic 
world, Dean Hollister has had an increas- 
ing range of opportunity for stimulating 
service to engineering education. Among 
his major responsibilities in recent years 
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have been the chairmanship of the Eduea- 
tion Committee of Engineers’ Council for 
Professional Development; also of the 
Subcommittee on Graduate Edueation and 
E of the Committee on Adequacy and Stand- 
? ards, all in E.C.P.D. During this period 
| these committees have issued several re- 
© ports which have been widely discussed 
js guideposts to a new era in engineer- 
| ing education, specifically—“Differentiat- 
ing Characteristics of an Engineering Cur- 
" rieulum,” “Report on Graduate Education 
| in Engineering,” and “Adequacy and 
' Standards of Engineering Education.” 
' Dean Hollister’s advocacy of a stronger 
| engineering profession through advance- 
| ment of edueation has had a companion 
' crusade for some years—that of maintain- 
' ing an adequate supply of engineering 
» manpower for the technological develop- 
- ments ahead. He is a member of the Man- 
' power Commission of Engineers’ Joint 


Council; of the Committee on Specialized 
Personnel, Office of Defense Mobilization; 
and of the Advisory Committee on Engi 
neering Sciences for Selective Service. 
Recently he has also been appointed to 
the Advisory Committee for the National 
Registry of Engineers and Scientists. 

He has had long association with 
ASEE, starting with his first instructor- 
ship in 1916, ineluding various committee 
memberships and chairmanships, and cul- 
minating in the presidency of the Society 
for 1951-52. 

Dean Hollister has had many other as- 
sociations with professional, educational, 
and governmental organizations, and many 
continue active. His deep interest is in 
the advancement of the engineering pro- 
fession and in stimulation of the educa- 
tional means toward this end. His efforts 
as teacher, administrator, and spokesman 
have focused on this point. 


College Notes 


_ The Division of Cooperative Research, 

an important top-level link between Co- 
_ lumbia’s new Engineering Center and in- 
_ dustry, has been activated with the ap- 
pointment of Dr. John G. Dean, widely- 
_ known research scientist, as Director. 


_ By order of President Truman, Dean 
_ §. 8. Steinberg, University of Maryland 
College of Engineering, has been awarded 
a Special Certificate of Merit. The pres- 
entation was made by Secretary of Labor 
Maurice J. Tobin with the citation “for 
his outstanding contribution as Chair- 
man of the Committee on Education of 
the President’s Conference on Industrial 
Safety, in grateful appreciation for his 
performance of duties important to the 
public interest.” 


A grant of $150,000 has been made by 
the Carnegie Corporation of New York to 
Case Institute of Technology, Cleveland, 
Ohio, to aid in development of an experi- 
mental program for liberalizing engineer- 
ing education which was begun at Case 
three years ago. The grant will be paid in 
five equal annual installments beginning 
this year, said Dr. Elmer Hutchisson, act- 
ing president of Case, in making the an- 
nouncement. 


W. J. Cope has been appointed Chair- 
man of the Department of Mechanical 
Engineering at Swarthmore College. Dr. 
Cope comes to Swarthmore from the Uni- 
versity of Utah where he has served for 
the past several years. 





George Westinghouse Award—1952— 
Gordon S. Brown 


To Gorpon STANLEY Brown for his in- 
valuable work in the development of the 
science of automatic controls; for his 
books, technical papers and participation, 
nationally and internationally, in  scien- 
tific conferences for the dissemination of 
technical information in a new field; for 
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his effective contribution to undergraduate 
education, graduate education and _re- 
search; for his inspiring guidance in thé 
thinking and outlook of students; and for 
his influence on his fellow workers, we 
award this the 7th George Westinghouse 
Award. 
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Dr. Gorvon S. Brown, born in Aus- 
tralia in 1907 and naturalized as a U. S. 
itizen in 1939, was educated at Melbourne 
(Australia) Technical High School and 
MLT., receiving from the latter institu- 
tion the Bachelor of Science degree in 
1931, the Master’s degree in 1934, and the 
Doctorate in 1938. 

Internationally known for his contribu- 
tions in the field of servomechanisms, he 
has risen on the M.I.T. staff through the 
positions of Research Assistant in 1931, 
Assistant Professor in 1939, Associate 
Professor in 1941, and Professor of Elee- 
trical Engineering in 1946. Appointed 
Associate Head of the Electrical Engi- 
neering Department in 1950, he now 
serves as Chairman of the Faculty and as 
a member of the Institute’s Academic 
Council. His latest recognition as an en- 
gineering educator was his selection as 
Head of the Electrical Engineering De- 
partment at M.I.T. to replace Dr. Harold 
L. Hazen, who was promoted to Dean of 
the Graduate School. 

He stands out as a pioneer and leader 
of eurrent progress in engineering educa- 
tion. He has, to a most extraordinary de- 
gree, the faculty of “getting under the 
skin” of even the most retiring student. 
His style is completely that of the shirt- 
sleeves-rolled-up, personal participant in 
whatever is going on. This means that his 
influence is direct and personal. The full 
foree of Brown in teaching becomes clear 
only when one combines his internation- 
ally recognized professional stature with 
his deep interest in students, with his un- 
canny personal ability to make intimate 
and forceful intellectual contact with 
them, and with his consequent ability to 
inspire them with his dynamic enthusiasm 
and breadth of outlook. 

Few students can be members of his 
class without responding actively to the 


challenge he puts forth. His power lies 
not so much in refinement of technique 
or nicety and elegance of exposition, but 
rather in the vigor, perspective, range, 
and interest of illustrative example, and 
in his insistence upon getting to the heart 
of a problem. As an Honors Group 
Counsellor early in his career, Brown 
faced one of the most difficult tasks that 
an undergraduate teacher can encounter. 
Such a challenge found Brown at his best, 
and his performance as Honors Group 
Counsellor was outstanding. 

At the opening of World War II, 
M.I.T. had the only university servomech- 
anisms laboratory in the country. Lab- 
oratory Director Brown and his colleagues 
(many of whom were graduate students) 
at once undertook a program of research 
for the armed services that contributed 
notably to suecessful prosecution of the 
war. Since the war the laboratory has 
been engaged in research of important in- 
dustrial significance. As direetor, Dr. 
Brown has developed a significant blend- 
ing of fundamental research, professional 
engineering, and engineering education to 
the great strengthening of each. His ac- 
tivity has a strong motivating influence 
on both undergraduate and graduate stu- 
dents. 

In 1948 Brown, with one of his students, 
Professor Donald P. Campbell, wrote a 
book entitled “Principles of Servomech- 
anisms,” which already has won a world- 
wide reputation. 

As an example of his international 
standing, Dr. Brown was invited to give 
the opening address to the 1951 Confer- 
ence on Automatie Control in Cranfield, 
England. His Servomechanisms Labora- 
tory at M.I.T. has pioneered the develop- 
ment of education in this field and attracts 
many visitors and students from all over 
the world. 


Errata 


In the June issue of the Journal of Engineering Education Dr. Wada’s 
name was incorrectly given as “Hiroshi” rather than “Koroku” in the article 
“The 1951 ASEE Engineering Education Mission to Japan” by Harold 


L. Hazen. 





Secretary's Report 
1951-52 


This year the ASEE has completed a 
major project, which stands as a mile- 
stone in the accomplishments of the So- 
ciety, while significant progress has been 
made on several other projects which are 
still on the road to completion. Several 
new projects have been launched during 
the year. It is the hope of the General 
Council and the Executive Board that 
these projects will be carried forth with 
the same vigor, inspiration, and discrim- 
inating judgment which has marked the 
significant contributions of the past, and 
that in time, they too will take their place 
among the clearly defined contributions to 
the advancement of engineering education. 

Although these major projects are the 
foeal point of effort and attention of the 
Society, they constitute a small portion 
of the total contribution of the Society 
to engineering education. Probably the 
greatest contribution of the Society is in 
its functioning as a national forum for the 
interehange of ideas and the unification 
of efforts of teachers and college admin- 
istrators representing the many diverse 
fields bearing upon engineering education. 
Here, every conceivable phase of engi- 
neering education is subject to critical 
and constructive analysis and out of the 
cauldron of activity inevitably comes a 
clearer definition of the major issues and 
a logical and orderly approach to the solu- 
tion of the problems. The vigorous activ- 
ities of the members making up the Coun- 
cils, Committees, Divisions, Sections, and 
Branches in this Society are the sources 
of its great strength and the hope for its 
future. 


Committee on Improvement of Teaching 


The report of the Committee on Im- 
provement of Teaching, under the chair- 
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manship of Dr. L. E. Grinter, brings to 
a close one of the major projects of the 
Society during the past three years. This 
comprehensive report presents a critics! 
analysis of teaching objectives and meth. 
ods. It places great stress upon the need 
for more successful teaching methods 
which will develop the student’s latent 
abilities to do resourceful and creative 
thinking. It emphasizes the need for 
continued experimentation in educational 
methods toward the end of preparing 
the students to meet new situations with 
skill, resourcefulness, and leadership. It 
strongly emphasizes the desirability of 
teaching from basic laws and fundamental 
principles so that the students will gain a 
clear understanding of the scientific foun- 
dations underlying engineering. Copies of 
this report are available in any quantity 
from the headquarters office. 


The Year of Evaluation 


The rapidly advancing pattern of sci- 
ence and technology is confronting engi- 
neering education with numerous problems 
of broad scope and profound importance. 
The extension of knowledge of scientific 
fundamentals has opened doors to vast 
new areas of engineering endeavor ani 
has greatly strengthened the foundation 
underlying many of our existing engineer- 
ing fields. The question is constantly be- 
ing raised as to whether or not our engi- 
neering curricula have sufficient depth ani 
breadth of scientific foundation to enable 
the engineers of tomorrow to translate 
new scientific advances rapidly into engi- 
neering practice. 

The Executive Board and General Coun- 
cil of the ASEE have given this matter 
eareful consideration and have voted to 
undertake a critical analysis of engineer 
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2 education with a view to clarifying 
the professional objectives and arriving at 
a clearer definition of the kind of engi- 
neering education which is necessary to 
gssure maximum rate of progress of the 
engineering profession of the future. 

A Committee on Evaluation of Engi- 
neering Edueation, under the chairman- 
ship of Dr. L. E. Grinter, has been ap- 
pointed to serve as a coordinating group 
for this study. It has been recommended 
that sub-committees be organized in the 
Divisions of the Society and in engineer- 
ing colleges throughout the country and 
that these sub-committees study the fore- 
going and other problems related to engi- 
neering education and submit reports to 
the central committee. The recommenda- 
tions of these sub-committees will then be 
consolidated into a unified report. 


Cooperation between Engineering Col- 
leges and Secondary Schools 


A second project of the year has dealt 
with the development of closer working 
relationships between engineering colleges 
and secondary schools, with a view toward 
improving the educational background of 
students and also of developing closer 
liaison in matters relating to student guid- 
ance. This has arisen out of numerous 
expressions of concern among college 
educators over the inadequate preparation 
of students, particularly in the curricular 
areas of mathematics and the sciences. 
In the belief that this situation can be 
improved by concerted action, the Execu- 
tive Board and General Council of the 
ASEE voted to develop this as a major 
project of the Society. 

Significant progress has been made dur- 
ing the past year by the Sections of the 
Society, many of which have held con- 
ferences in which engineering educators 
and high school teachers and principals 
have presented their views. A number of 
engineering colleges are developing con- 
structive, forward-looking programs in 
their local areas, in order to develop a 
common-ground interest between engineer- 
ing educators and high school teachers. 
Several colleges are undertaking to of- 


fer specific courses for secondary school 
teachers in order to help them to under- 
stand more clearly the interrelationships 
between mathematics, physics, and engi- 
neering education. 

The Fall meeting of the ECAC in Hous- 
ton, Texas was devoted entirely to a pro- 
gram of cooperation between engineering 
colleges and secondary schools. Several 
excellent papers on the subject were also 
included in a conference of the Division 
of Relations with Industry in January. 
The Society has assembled these papers in 
a booklet “Developing Cooperative Rela- 
tionships Between Engineering Colleges 
and Secondary Schools” which has been 
sent to the deans of engineering colleges 
and the Section chairmen. 


Participation of Younger Faculty Mem- 
bers in ASEE Activities 

One of the most promising develop- 
ments during the past year has been that 
of lending increased emphasis to the stim- 
ulation of activities of younger faculty 
members in meetings and affairs of the 
Society. The younger faculty members 
have much to contribute to the construc- 
tive work of the Society, since they often 
have a vigorous, forward-looking approach 
to the problems of education. It is be- 
lieved that they are a potent force which 
should be tapped and woven into the So- 
ciety activities. Active participation in 
the affairs of the Society would enable 
the younger faculty members to gain a 
broader persepective of engineering edu- 
cation and it would help them to acquire 
effective teaching methods at a time when 
these tend to become erystalized. 

Many of the Sections of the Society 
have given this problem serious considera- 
tion and are encouraging younger faculty 
members to take over responsible plan- 
ning of part of the Section activities. The 
Executive Board is recommending that a 
national paper contest be undertaken by 
the Sections of the Society in order to 
stimulate participation of younger faculty 
members in the programs of the Sections. 
The Section winners of the paper contest 
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would then compete nationally for awards 
of the ASEE. 


Teaching Aids Committee 


The Committee on Teaching Aids has a 
number of reviewing committees actively 
engaged in reviewing and _ evalnating 
teaching aids for possible use in engineer- 
ing instruction. A bulletin, listing accept- 
able teaching aids, giving details as to size, 
curricular use, availability, ete., will be 
published by the Committee. It is an- 
ticipated that publication will be com- 
pleted next year. The Committee has 
carried on a highly successful fund-raising 
program and has obtained over $8500 in 
industrial contributions to carry forward 
the project. 


Unity of the Profession 


The recommendations of the Explora- 
tory Group of the EJC on Unity of the 
Profession have been submitted to the 
participating societies for official action. 
These recommendations, centered around 
Plan A, provide for an enlarged EJC to 
include those qualified engineering organ- 
izations which have approved the plan. 
Assuming that a sufficient number of en- 
gineering societies approve the plan, a 
constitutional convention will be held to 
prepare a constitution for the new Unity 
organization. Although EJC is basically 
a council type of organization, it is still 
possible for the constitutional convention 
to revise the basic plan to provide for 
individual membership. 


Mid-Year Meetings of Divisions of the 
ASEE 


The Division of Relations with Industry 
held its mid-year meeting at MIT in Jan- 
uary on the theme “The Student as an 
Individual.” This meeting was attended 
by over 300 industrial representatives and 
faculty members. 

The Engineering Drawing Division held 
its customary mid-year meeting in New 
York in January. The program included 
demonstrations of descriptive geometry as 
applied to ship building, photographic 


and color photographie processes, and ¢ 
trip to Columbia University’s eVelotron, 

The Cooperative Engineering Djyisic, 
held its mid-year meeting at Northwestern 
University, the program consisting 0; ; 
workshop discussion of the problems ia 
policies of cooperative engineering ey, ey 
tion. 


Publications of Divisions of the Society 


In the past, perhaps all too little yee. 
ognition has been given to some of ¢hy 
excellent work of the Divisions of the Sp. 
ciety in the form of quarterly or sen). 
annual publications whieh contain tech. 
nical papers in specifie curricular areas 
The Engineering Drawing Division wa: 
the first Division of the ASEE to estab. 
lish its own bulletin. This has served , 
very constructive purpose in disseminat. 
ing technical information on engineering 
drawing. The Civil Engineering Divisioy 
for a number of years has published a 
quarterly bulletin, which contains tech. 
nical papers in the diverse fields of civil 
engineering. The Machine Design bu- 
letin, edited by the Machine Design Con- 
mittee of the Mechanical Engineering Di- 
vision is another outstanding example of 
a publication which is getting outstanding 
technical papers before the members of 
the Division. Each year, the Chemical 
Engineering Division prepares its Chem- 
ical Engineering Abstracts, representing 
papers presented at the Annual Meeting. 
The Southeast Section of the Society 
publishes its papers each year in a mimeo- 
graphed volume, which is distributed to 
the members. 

These bulletins are edited entirely by 
members of the Divisions and the cost of 
publication is offset either by including 
advertising of textbook publishers, or 
from the sale of the journals to the men- 
bers. 


ASEE Sponsored Summer Schools 


This year, the ASEE sponsored four 


summer schools. The English Division, 
Electrical Engineering Division, and Civil 
Engineering Division (Sanitary Engineer‘ 
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ing) are all holding summer schools prior 

» the Annual Meeting at Dartmouth Col- 
lege. The ASEE also endorsed the Third 
National Survey ing Teachers Conference, 
hich was sponsored by the Civil Engi- 


F ering Division and the University of 


Illinois. A unique summer school, spon- 
red by the ASEE, has been worked out 
jointly by the Committee on Improvement 

f Teaching and the General Electric 
cole This program emphasizes 
waching methods which develop original- 
ity and creative approaches in engineer- 


ing. 


Future Annual Meetings 


The Annual Meetings for the next two 
vears have been scheduled. The meeting 
in 1953 will be at the University of 
Florida and will be held on June 22-26. 
The University of Illinois will have the 
1954 Annual Meeting. 


New Committees 


During the year, a Committee on Tex- 
tile Engineering has been appointed, 
the request of a number of faculty mem- 
bers and administrators in this field. 

A Committee on Public Relations was 
appointed, under the chairmanship of 
Professor Schmelzer, during the year. 


Associate Institutional Memberships 


The industrial members of the ASEE 
have been a source of great vitality and 
strength in the operations of the Society. 
The Executive Board of the Society be- 
lieves that increased participation of com- 
panies which have extensive engineering 
operations will inevitably acerue to the 
henefit of both industry and the educators. 
Consequently, a committee has been ap- 
pointed under the chairmanship of Jesse 
MeKeon to solicit Associate Institutional 
Memberships in the Society. This Com- 
mittee is to be highly commended for its 
work, having obtained twenty-four new 
Associate Institutional Memberships dur- 
ing the past year alone. 


Advertising in the Journal 

The headquarters office of the Society 
is endeavoring to obtain new advertisers 
for the Journal of Engineering Education 
in order to expand this source of revenue. 
Preliminary results show that it should 
be possible to increase the advertising 
revenue significantly in the next few years. 
This will help to offset rising costs of 
operation, incurred by the continued ex- 
pansion of Society activities. 


Membership 

Early in the year, a letter was sent to 
the deans of engineering colleges through- 
out the country, asking them to supply 
names of persons outside of the strictly 
engineering faculties who are actively 
teaching courses to engineering students. 
These included faculty members in mathe- 
matics, physies, and the social sciences 
and humanities. This request met with 
enthusiastic approval of the deans and 
over 500 letters of invitation to join were 
sent to faculty members proposed by the 
deans. This will result in a substantial 
strengthening of these Divisions of the 
Society. The total number of new mem- 
bers added this year is 520. 


Participation in Activities of Other 

Societies 

The Society has continued its active 
participation in many engineering and 
educational societies, including the Engi- 
neers’ Council for Professional Develop- 
ment, the American Council on Education, 
the American Association for the Ad- 
vancement of Science, the Educational 
Testing Service, the National Research 
Council, and the American Standards As- 
sociation. Society representatives have 
been appointed to each of these organiza- 
tions and in many cases the Society, 
through its representative, has contributed 
significantly to the work of the organiza- 
tions. 

Respectfully submitted, 
A. B. BRONWELL 
Secretary 





Minutes of Executive Board Meeting 


A meeting of the Executive Board of 
the American Society for Engineering 
Education was held on Monday, June 23, 
1952, at Dartmouth College, Hanover, 
New Hampshire. Those present were: S. 
C. Hollister, President, M. M. Boring, L. 
E. Grinter, J. H. Lampe, G. A. Rosselot, 
Vice-Presidents, C. L. Skelley, Treasurer, 
A. B. Bronwell, Secretary, C. E. Watson, 
Assistant Secretary, and B. Bowen. 


Reports of Officers 


Written reports of the Vice-Presidents 
and Secretary were discussed. A resume 
of these reports is given in the Minutes 
of the General Council meeting of June 
23, 1952. 


Treasurer’s Report 


The Treasurer presented the tentative 
annual audit to the Executive Board. The 
final audit (prepared subsequent to the 
Annual Meeting) shows a net excess of 
income over expense of $4268. The in- 
dividual dues increased approximately 
$600 over the preceding year and the in- 
stitutional dues increased approximately 
$1500. Advertising revenue was up ap- 
proximately $1000. The expenses were in 
line with those of the preceding year, ex- 
cept for ECRC expense, which was con- 
siderably lower owing to a reduction in 
the ECRC publication program. 

The income from sale of ECRC publica- 
tions amounted to $3484.85. The Board 
discussed the transfer of funds to the 
ECRC reserve. According to a previous 
Executive Board ruling, the transfer to 
the ECRC reserve should include the un- 
used budget of ECRC in addition to the 
income from sale of ECRC publications. 
The advisability of establishing a practice 
of transferring unused portions of the 
budget to a reserve for any particular 
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group within the Society was questioned 
However, it was recognized that tho 
ECRC expenses fluctuate sharply, owing 
to the publication schedule of the par. 
ticular year and that failure to establis) 
an adequate reserve might subject the So. 
ciety to a substantial deficit in a year 
when ECRC expenses are abnormally 
high. Accordingly, the Executive Boar 
voted to transfer the unused portion of 
ECRC budget in addition to the ECRC 
income to the ECRC reserve for use in 
future years, with the understanding that 
this was not to be regarded as a precedent 
for future years. 

The Executive Board also considered the 
general problem of supervision of expendi. 
tures of various groups within the Society. 
It was pointed out that the Divisions 
and Committees of the Society prepare a 
budget in May of each year for their an- 
ticipated expenditures during the follow. 
ing fiscal year. Aside from this budget, 
the Society headquarters does not at pres- 
ent maintain control over financial com- 
mitments of the Councils, Divisions and 
Committees, other than approval within 
the stipulated budget limits after the ex- 
penses have been incurred. In order to 
maintain closer supervision over financial 
commitments, the Executive Board voted 
that any item of expense exceeding $200 
should first be approved by the Secretary's 
Office before financial commitment is 
made. 

The budget for 1952-53 was approved, 
pending certain adjustments in income 
and increased secretarial staff salaries. 


Report of Committee on General Council 
Activities 
The Board discussed the report sub- 


mitted by a Committee on Genera] Coun- 
ceil Activities, under the chairmanship of 
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Dean Barlow. This Committee Was ap- 
pointed to suggest means of enlarging the 
participation of the General Couneil in 
Society affairs. The report is summarized 
in the Minutes of the General Council 
meeting. 

Society Organization 

Consideration was given by the Exeecu- 
tive Board to the problem of integrating 
the activities of the various Divisions, See- 
ions, and Committees of the Society into 
an organic unit so as to improve the flow 
of ideas upward into the General Council 
and Executive Board and also so as to 
stimulate these groups to work on some of 
the overall problems of the Society. It 
was pointed out that the various Divi- 
sions, Committees, and Sections each oper- 
ate in specialized areas and, although they 
may serve effectively in handling the prob- 
lems in these restricted areas, they do not 
in general participate in some of the 
broader Society problems and policy mat- 
ters. 

Much of the basie policy of the Society 
originates in the Executive Board and 
flows downward into the General Council, 
where it is activated by the appointment 
of special committees. There is need for 
reversing this flow so that ideas originat- 
ing in the Divisions and Sections will be 
encouraged to flow upward into the Gen- 
eral Council where they can be activated. 
The Board recommended to the General 
Council that an ad hoe committee be ap- 
pointed to study the Society organization 
and funetioning and to make recommenda- 
tions for improvements which will in- 
tegrate the Society activities into a unified 
program. 


7 - a ” * * 


A meeting of new and old officers of 
the Exeeutive Board of the American So- 
ciety for Engineering Education was held 
on Wednesday, June 25, 1952, at Dart- 
mouth College, Hanover, New Hampshire. 
Those present were: S. C. Hollister, Presi- 
dent, M. M. Boring, L. E. Grinter, J. H. 
Lampe, G. A. Rosselot, C. L. Skelley, E. 
A. Walker, W. C. White, W. R. Woolrich, 


A. B. Bronwell, C. E. Watson, and B. 
Bowen. 


Evaluation of Engineering Education 

The plans for the program of the Com- 
mittee on Evaluation of Engineering Edu- 
cation were discussed. The first meeting 
of the Committee was scheduled for the 
last day of the ASEE Annual Meeting at 
Dartmouth College. It was anticipated 
that the general problems and the method 
of attack would be formulated at that time 
and that the ASEE committee would re- 
quest the deans of engineering colleges to 
appoint institutional committees to co- 
operate in this broad program. 


Participation of Associate Institutional 

Members in Society Activities 

The Board gave consideration to ways 
of developing a closer functional relation- 
ship between the Associate Institutional 
members and the activities of the Society 
as a whole. It was pointed out that the 
company representatives can play an ac- 
tive and influential role in the advance- 
ment of engineering education if they are 
acquainted with the objectives and philos- 
ophy of engineering education and if 
proper channels are provided for active 
participation in the Society. The highly 
successful activities of the Division of Re- 
lations with Industry have given impetus 
to the role which industry ean take in 
working with engineering colleges in all 
phases of engineering education. Some 
concern was expressed over the possibility 
that industrial members of the Society 
might feel that they are superfluous in 
Society activities. This would deny the 
Society of a powerful and constructive in- 
fluence which could render a great service 
to the Society. Accordingly, the Board 
recommended to the Council that an ad 
hoe committee consisting of Vice-Presi- 
dent Boring and Mr. McKeon be ap- 
pointed to study means of implementing 
increased participation of Associate mem- 
bers in activities of the Society. 


Future Annual Meetings 


President Hollister explained to the 
Board that subsequent to the time it re- 
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ceived the invitation from Cornell Uni- 
versity, an invitation had been received 
from Pennsylvania State College inviting 
the Society to hold its 1955 Annual Meet- 
ing at State College, Pennsylvania. This 
would commemorate the 75th year of 
Pennsylvania State College. In view of 
the fact that Cornell had been host to the 
Society for three Annual Meetings and 
Pennsylvania State College had been host 
only once, and in view of the importance 
of the occasion, Dean Hollister stated that 
he was withdrawing the request for the 
Annual Meeting at Cornell University. 
No action was taken. 


Bank Resolution 

The Executive Board voted to authorize 
the President or Treasurer to co-sign 
checks with either the Secretary or As- 
sistant Secretary, in accordance with 
previous practice. 


Application of Ohio University for Ac- 
tive Institutional Membership 
The application of Ohio University for 
Active Institutional Membership was pre- 
sented. It was voted Active Institutional 
Membership by the Board. 


Representative to UPADI 

The Board voted to appoint Deans 
Steinberg and Lassalle as‘ the official 
ASEE representatives to the meeting of 
the Pan American Congress UPADI to 
be held in New Orleans in August. 


Insurance Plan 


A plan which would provide for group 
disability insurance for members of the 


Society was briefly considered by th, 
Board. The proposal was presented 4, 
Mr. Boring with a request that it be cop. 
sidered by some of the actuarial] people 
in General Electric Company. 


Expression of Appreciation from the 

President 

The President of the Society expresse 
to the members of the Board his apprecia. 
tion for the privilege of working with the 
Board on behalf of the Society during the 
past year, and expressed his grateful ap. 
preciation for the loyal cooperation and 
effective assistance which he had received. 


Other Items of Business 


Other items considered by the Executive 
Board on which actions are summarized 
in the Minutes of the General Counc 
Meeting are: 


1. Advertisements of teaching positions 
in Journal; 

2. Unity of the Profession; 

3. Continuation of program of coopera. 
tion between engineering colleges and 
secondary schools; 

. Participation of younger faculty 
members in activities of the Society; 

5. Expansion of the Secretarial staff; 

. Society emblem; 
. Plans for Joint ASEE-ECPD meet- 
ings in Chicago. 


Respectfully submitted, 
ArTHUR B. BRONWELL 
Secretary 


College Notes 


B. Richard Teare, Jr. has been ap- 
pointed Associate Dean of the Carnegie 
Institute of Technology College of Engi- 
neering and Science. Dr. Teare will work 
closely with Dean Webster N. Jones in 
the general administration and _ policy 


planning of the College of Engineering 
and Science, including financial and edu- 
cational development. The new Associate 
Dean is also Dean of Graduate Studies 
and Buhl Professor of Electrical Engi- 
neering. 
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Minutes of General Council Meeting 


\ meeting of the General Council of the 
\meriean Society for Engineering Educa- 
rion was held on Monday, June 23, 1952, 
ot Dartmouth College, Hanover, New 
Hampshire. Those present were: S. C. 
iollister, President ; M. M. Boring, L. E. 
Grinter, J. H. Lampe, G. A. Rosselot, 
Vice-Presidents; C. L. Skelley, Treasurer; 
\, B. Bronwell, Secretary; C. E. Watson, 
jxsistant Secretary; H. P. Adams, Wm. 
Allan, H. H. Armsby, H. A. Bolz, C. A. 
Brown, M. P. Capp, W. H. Carson, D. S. 
Clark, F. M. Dawson, W. W. Dornberger 
(substituting for S. A. Smith), W. L. 
Everitt, C. J. Freund, D. M. Griffith, C. O. 
Harris, D. Hunt, L. Jones, Wm. P. Kim- 
ball, E. Laitala, KE. J. Lindahl, K. B. Me- 
Eachron, Jr., F. H. Miller, L. G. Miller, 
(. A. Mochmore, T. H! Morgan, E. F. 
Obert, R. S. Paffenbarger, G. K. Pals- 
grove, F. H. Pumphrey, J. C. Reed, J. H. 
Rushton, T. Saville, H. C. Spencer, L. O. 
Stewart, E. A. Walker, B. L. Wellman, K. 
Wendt, H. H. Wheaton, D. G. Wilson, S. 
Winston, W. R. Woolrich. 


Reports of Officers 


Written reports of the Vice-Presidents, 


| Treasurer, and Secretary were presented, 


including a tentative annual audit and a 
budget for 1952-53. 


Unity of the Profession 

Dean Saville presented a recommenda- 
tion that the ASEE formally approve the 
inal plan proposed by the EJC’s Ex- 
ploratory Committee on Unity of the Pro- 
fession. The Exploratory Committee ree- 
ommended that the most feasible way to 
achieve unity was to adopt essentially 
Plan A, which would provide for a modifi- 
cation of the EJC structure to serve as a 
Unity organization. Dean Saville stated 
that the Exeeutive Board of ASEE had 
recommended to the Council the endorse- 


ment of this plan and that in his opinion 
this would be the last opportunity for a 
number of years to come to form such a 
Unity organization. If it failed, there 
would probably be considerable adversity 
to any future attempts at the formation of 
such an organization. If the proposed 
plan is approved, a Constitutional Con- 
vention will be called to alter the EJC 
Constitution. Only those organizations 
signifying their approval would partici- 
pate in drafting the Constitution. 

It was voted that the ASEE signify to 
EJC its willingness to become a member 
ot the EJC under approximately the pro- 
visions of Plan A if the invitation is ex- 
tended. 


Committee on Improvement of Teaching 

Vice-President Grinter briefly reviewed 
the plan of operation of the Committee 
on Improvement of Teaching and the end 
results. He stated that approximately 
1000 to 1500 people had been engaged in 
activities of this Committee on the institu- 
tional and national level. He recom- 
mended that the Committee be dissolved 
and that the activities be transferred on 
a permanent basis to the Division of Edu- 
cational Methods. 


Cooperation Between Engineering Col- 
leges and Secondary Schools 


Vice-President Boring reported on the 
work of the Sections in developing the 
program of cooperation between engineer- 
ing colleges and secondary schools. This 
has been a joint undertaking of the See- 
tions and the ECAC’s Committee on See- 
ondary Schools. He stated that a number 
of Sections have developed conferences 
with high school teachers and principals 
during the past year and that the results 
point to considerable potentiality for fu- 
ture development. 
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He also mentioned that the Engineering 
Manpower Commission of EJC has pre- 
sented the story of the critical shortage 
of engineering manpower to 28,000 high 
school students throughout the country. 
Likewise, the Edison Foundation and the 
National Science Teacher’s Association, 
which were established to promote interest 
in science and increase the flow of stu- 
dents into the scientifie professions, have 
held conferences of officials in government, 
together with teachers in the engineering 
and science fields. These programs col- 
lectively have reversed the downward 
trend of engineering enrollments and pro- 
duced a 15% increase in freshman engi- 
neering enrollment as compared with a 
12% decline in all college enrollment. 


Participation of Younger Faculty Mem- 

bers in ASEE Activities 

The Secretary reported that the Execu- 
tive Board has considered several pro- 
grams for stimulating the activity of 
younger faculty members in the affairs of 
the Society. The Board recommended to 
the Council that a paper contest be in- 
augurated, to be developed by the Sections 
of the Society, as a means of enlisting the 
active participation of younger faculty 
members. The Board believes that as a 
consequence of an appeal through the 
President’s Newsletter, most of the See- 
tions of the Society are giving active con- 
sideration to developing conferences and 
programs where the younger faculty mem- 
bers manage the affairs and take the lead- 
ing role. This program will have to de- 
velop primarily at the Section level, since 
for financial reasons, not many of the 
younger faculty members are able to at- 
tend the Annual Meetings of the Society. 

The General Council voted to inaugu- 
rate a paper contest for younger faculty 
members on a broad subject to be an- 
nounced by the President of the ASEE. 
Each Section would provide its own rules 
and would select the winning papers. 
These would be presented at the next An- 
nual Meeting in June 1953. Awards of 
$200 and $100 each would be given for 


the two best papers presented by yoy, 
faculty members. ot 

A discussion of the age limit was yo, 
definitely settled, although it was tent, 
tively agreed that the upper limits shoy), 
be either 35 or 36 years of age. 


Report of the Engineering Manpower 
Commission 


Dr. Armsby reported that the Engines; 
ing Manpower Commission has presente, 
testimony before Congress in connectiny 
with the Reserve Bill, in favor of placing 
the calling of reservists under a civiligy 
agency rather than under the Departmy 
of Defense. It was believed that a civiliay 
agency would be more discriminating a 
to the needs of the country for scientists 
and engineers than the military agencies 


Coordinating Committee on Relations wit) 
the Federal Government 


Dean Saville reported on the work oi 
the Coordinating Committee on Relations 
with the Federal Government. He urged 
that a closer liaison be established between 
the ASEE’s Manpower Committee and th 
Engineering Manpower Commission oi 
EJC, since no members of the ASEE con. 
mittee have been on the Manpower Com- 
misssion. He stated that the Manpower 
Committee, under the chairmanship oi 
George Lobingier, has proposed that at- 
tention be given to immediate and satis- 
factory placement of engineering gradv- 
ates who returning to civilian life after 
having completed their service duty. 

Upon motion from Dean Saville, the 
Council voted to request the Executive 
Board to instruct Society representatives 
on the Engineering Manpower Commis- 
sion of EJC to urge organization of a 
program in cooperation with the militar 
services, industry, and the engineering 
colleges, to provide an adequate means 
for channelling engineers leaving military 
services into professional engineering 
positions. 

Dean Saville also commented on the 
need for closer correlation of the ROTC 
policies of the three military services, par- 
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ticularly those of the Air Force, which is 
instituting a new ROTC program. 

Qn resolution from Dean Saville, the 
Couneil voted to request the Executive 
Board to instruct the Society representa- 
tives on the American Council on Educa- 
tion to initiate appropriate action looking 
toward a better coordination of ROTC 
policies of the three military services and 
the implementation of joint policies look- 
ing toward improvements in existing prac- 
tiees relating to curricula, credits, teach- 
ing staff, and other elements of the ROTC 
programs. 

o * * * * * 


A meeting of old and new members of 
the General Council was held at Dart- 
mouth College, Hanover, New Hampshire 
on Friday morning, June 27, 1952. Those 
present included: S. C. Hollister, Presi- 
dent; M. M. Boring, L. E. Grinter, J. H. 
Lampe, G. A. Rosselot, Vice-Presidents ; 
C, L. Skelley, Treasurer; A. B. Bronwell, 
Secretary; C. E. Watson, Assistant Secre- 
tary; Wm. Allan, H. H. Armsby, H. J. 
Barre, H. W. Barlow, H. R. Beatty, H. A. 
Bolz, M. P. Capp, W. H. Carson, D. S. 
Clark, F. M. Dawson, W. W. Dornberger 
(substituting for S. A. Smith), C. J. 


Freund, W. P. Godfrey, D. M. Griffith, C. ° 


0. Harris, D. Hunt, E. Hutchisson, H. 
Kuenzel, L. Jones, E. Laitala, E. J. 
Lindahl, J. C. MeKeon, F. H. Miller, L. 
G. Miller, T. H. Morgan, C. Muhlenbruch, 
E. F. Obert, G. K. Palsgrove, O. H. Polk 
(substituting for R. S. Glasgow), J. C. 
Reed, N. F. Rode, J. H. Rushton, H. C. 
Spencer, L. O. Stewart, E. A. Walker, K. 
0. Werwath, C. L. Wilson, W. C. White, 
B. L. Wellman, K. Wendt, H. H. Wheaton, 
D. G. Wilson, 8. E. Winston, W. R. Wool- 
rich. 


Fall Meetings of the ASEE-ECPD 


The Secretary announced the plans for 
the joint ASEE-ECPD meetings to be 
held in conjunction with the Centennial of 
Engineering in Chicago on September 5- 
6. The ECRC conference on the theme 
“The Engineer is a Scientist” is scheduled 
for the morning of September 5, and t! 


ECAC conference in the afternoon will 
deal with “What Are Contemporary De- 
mands on Engineering Education.” The 
ASEE and the ECPD will hold joint 
luncheons on Friday and Saturday and a 
dinner on Friday evening. 


Technical Assistance Program 


The Secretary reported on the January 
meeting of the Council on Economie and 
Social Development held in Washington. 
The purpose of the Council was to ac- 
quaint officers of learned societies and ad- 
ministrative officers of educational institu- 
tions with some of the objectives and prob- 
lems of the government’s technical assist- 
ance program. He stated that technical 
education at all levels is regarded as one 
of the important phases of the technical 
assistance program and that the ASEE 
could make a substantial contribution in 
helping to develop satisfactory technical 
educational programs in foreign countries. 


Committee on International Relations 


Dean Woolrich reported for the Com- 
mittee on International Relations that a 
proposal had come from the State De- 
partment requesting assistance of the 
ASEE in handling policy matters relating 
to the placement of international exchange 
students in American industries for ex- 
perience. The proposal came through the 
National Science Foundation and referred 
specifically to students from Great Britain. 
The students would pay their transporta- 
tion, but attempts would be made to ar- 
range for jobs in American industries for 
experience. In return, a number of Amer- 
ican students would be permitted to visit 
Great Britain under a similar educational 
exchange program. 


Expansion of the Office of the Secretary 


The President announced the appoint- 
ment of Professor C. E. Watson as As- 
sistant Secretary on a part-time basis. 
Professor Watson has been handling edi- 
torial work for the Society and will also 
handle the solicitation of advertising for 
the Journal of Engineering Education. 
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Treasurer's Report 


The report of the Treasurer relating to 
the annual audit is summarized in the 
Minutes of the Executive Board meeting. 
Subsequently, the final audit as of June 
30, 1952 showed a net excess of income 
over expense of $4268 for the past year. 
This occurred after transferring $6004.69 
to the ECRC reserve. The Executive 
Board approved the transfer, since the 
ECRC expenses fluctuate according to 
their publication schedule. The ECRC 
had no publications during the past year, 
but contemplated rather extensive publica- 
tion schedule in future years. This trans- 
fer to the ECRC reserve enables the Re- 
search Council to smooth out its financial 
operations, so as to avoid a heavy drain on 
the Society finances in any one year. 

The proposed budget for the next fiseal 
vear was presented to the Council, and ap- 
proved subject to certain changes. 

The President stated that it was the 
policy of the Executive Board to provide 
for inereased assistance in the Seeretary’s 
office so as to free a portion of the Seere- 


tary’s time for important liaison work 
with other organizations and for further-- 
ing the development of Society projects. 
He stated that this would assure a more 


stable organization in the future. He ex- 
pressed the opinion that the Society’s af- 
fairs were in sound condition. 


Report of the Vice-Presidents 


Vice-President Grinter presented the 
written report on activities of the Divi- 
sions and Committees. He briefly dis- 
cussed the Society organization and em- 
phasized the need for bringing the Divi- 
sions and Committees into the forefront 
of the Society’s activities in order to pro- 
vide stimulus for continued progress. He 
stated that it was his hope that the Divi- 
sions can be brought into active participa- 
tion in the study on Evaluation of Engi- 
neering Education which will be taking 
shape during the coming year. Dr. 
Grinter also announced that the Graduate 
Division had prepared a revision of the 
Manual of Graduate Study in engineering 


MINUTES OF GENERAL COUNCIL MEETING 


and that this would be completed in 4 
near future. 

Vice-President Boring reported on 4 
tivities of the Sections and Branches 9 
the Society. He recommended that , 
study be made of some of the geographical 
areas of the Sections, since it seemed tha 
excessive travel distances discouraged 9 
tendance at Section meetings, particular) 
among the younger faculty members wh, 
could profit most by such participation 
A general discussion from the Counc! 
members followed, in which it was pointe; 
out that it might be well for the Sections 
themselves to propose a more effectiy, 
plan of Section organization. The sug 
gestion was made by Dean Wilson, D; 
Armsby, and Professor Pumphrey that « 
committee of the ASEE be appointed to 
study the problem in cooperation with the 
Section officers. No action was taken on 
this recommendation. It was also sug- 
gested that the present Sections had de- 
veloped a substantial community of in- 
terest and pride in their regional actiy- 
ities. It might therefore be advisable to 
consider maintaining present Section an- 
tonomy with meetings once a year, but 
encourage educational institutions within 
a given local geographical area to develop 
ASEE programs within the framework 
of the present Section organization. 

Vice-President Lampe presented a writ- 
ten report covering the work of the ECAC 
and its five committees. He reported on 
the suecess of the Houston meetings, cen- 
tered on relations between engineering 
colleges and secondary schools in matters 
relating to the improvement of student 
preparation, guidance, and _ counseling. 
He stated that the ECAC was studying 
the transfer of credits from junior col- 
leges to engineering schools. He reported 
on the session for Institutional representa- 
tives which dealt with administrative prob- 
lems arising out of military affairs, salary 
trends, teaching loads, ROTC and NROTC 
programs, the satellite system which is de- 
veloping between engineering colleges and 
liberal arts colleges, and the expansion of 
research activities. The Selection and 
Guidance Committee of the ECAC has as- 


1e 
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sted the Edueational Testing Service in 
the development of tests for the selection 
and guidance of students. V ice-President 
Lampe stated that a committee of the 
pCAC was currently studying teaching 
ioads and salaries. He also pointed out 
that the ECAC has planned a conference 
with the Air Foree ROTC officials to dis- 
ss curricular plans for the new Air 
Foree ROTC program. 

Vice-President Rosselot, reporting on 
the activities of the ECRC, stated that 
three new institutional members, St. Louis 
(niversity, Lowell Institute, and Tulane 
University, were added to the ECRC dur- 
ing the past year. In reporting on the 
york of the Committee on Contract Rela- 
tionships with the Government, he stated 
that considerable progress had been made 
toward getting recognition by government 
officials of the need for unified treatment 
of research contracts with engineering col- 
leges. He reported that the ECRC gen- 
eral session program at the Annual Meet- 
ing dealt with the currently important 
problem of the impact of government 
operated and government sponsored lab- 
oratories on teaching and research. 


Society Organization 


The Report of the Committee on Ac- 
tivities of the General Council was pre- 
sented to the Council. This report recom- 
mended that the Society should: 


(1) Inaugurate at the Annual Meeting 
ageneral business meeting to present reso- 
lutions from Divisions, Committees, and 
Sections for consideration and discussion 
hy the Society membership at large. The 
resolutions would be submitted to a Reso- 
lutions Committee for clarification and 
final drafting to avoid ambiguities. These 
resolutions, together with recommenda- 
tions from the floor, would provide ma- 
chinery for the flow of ideas from See- 
tions, Divisions, Committees, and the gen- 
eral membership to the Council. 

(2) Clarify the duties and responsibil- 
ities of members of the General Council. 

(3) Present Governmental requests for 
engineering educators for special services 


to the Section representatives of the Coun- 
cil for recommendation in order to pro- 
vide adequate geographical coverage. 

(4) Improve the liaison between Coun- 
cil members and their Divisions and See- 
tions by requiring that each Council mem- 
ber report at least once a year to his See- 
tion or Division on the activities of the 
Society and the Council; also that the 
Divisions and Sections be urged to use 
the Council member more fully by trans- 
mitting to the Council resolutions or pro- 
posals of the Section or Division. 

(5) Establish a procedure whereby the 
Journal could serve as a clearing house 
to facilitate the exchange of graduate stu- 
dents with faculty standing. 

(6) Establish in the Journal a section 
devoted to advertisement of teaching posi- 
tions open. 

(7) Recommend to the Sections and Di- 
visions that only those members be econ- 
sidered for representation on the Council 
who will be able to attend Council meet- 
ings. It was suggested that either the 
current Section or Division chairmen or 
the retiring chairmen be considered for 
representation of the Division or Section 
on the Couneil 


President Hollister stated that the Ex- 
ecutive Board had given consideration to 
this problem of improving the Society 
organization. He pointed out that a num- 
ber of Committees of the Society operate 
in the same areas as Divisions and that 
Sections of the Society have programs 
which cut across all of the Divisions and 
Committees. He stated that the Executive 
Board had authorized appointment of a 
Committee on the Improvement of Society 
Function with broader responsibilities 
than the Committee on General Council 
activities. This Committee will be com- 
posed of seven members under the chair- 
manship of B. R. Teare. 

The Barlow report was aecepted and 
items (3), (5), and (6) were referred to 
the Exeeutive Board for action. The 
balance of the report was referred to the 
new Committee on Improvement of So- 
ciety Function. 
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Teaching Position Advertisements in the 
Journal 


One of the recommendations of the Bar- 
low Committee report was that the Journal 
should carry advertisements of teaching 
positions. This was discussed at length by 
the Council. It was pointed out that this 
might have the immediate effect of placing 
lower salary bracket schools at a disad- 
vantage. However, the long-range effect 
would be to tend to raise salaries in these 
schools. The Secretary reported that, 
with its present office staff, the Society 
could not serve as a clearing house and 
maintain personnel records. However, 
the Society can place blind ads in the 
Journal and relay replies to the particular 
institutions. It was the concensus of 
opinion that if ads were placed in the 
Journal they should be restricted to posi- 
tions available in engineering colleges. 
The matter was referred to the Executive 
Board for further study. 


Summer Schools 


Mr. MecEachron reported on the seminar 
of teaching methods which the General 
Electric Company sponsored during the 
week prior to the Annual Meeting. This 
was a joint undertaking by the Committee 
on Improvement of Teaching and the 
General Electric Company and was de- 
voted to presenting teaching methods 
which develop originality and creative 
approaches in engineering. The Secre- 
tary also announced that ASEE summer 
schools in Electrical Engineering and 
Civil Engineering (Sanitary) had been 
held prior to the ASEE meeting at Dart- 
mouth. 


International Management Conference 


Mr. McEachron reported that the In- 
ternational Management Conference would 
hold its next meeting at Delft and recom- 
mended that the Society appoint an of- 
ficial ASEE representative. The Council 
voted to authorize the Executive Board to 
make an appointment. 


Relations with Industry Division Meetiy, 
with AAAS ; 


Mr. McEachron reported that the Diy), 
sion on Relations with Industry had heey 
approached by the AAAS to hold a join: 
meeting in St. Louis at the time of th 
Annual Meeting of the AAAS. iy 
Council voted to approve such a meeting 
subject to the wishes of the Division oy 
Relations with Industry. 


Associate Institutional Membership 


Mr. McKeon presented a progress ye. 
port on the Associate Institutional Mem. 
bership drive. He reported that a pilot 
operation involving fifty companies had 
yielded twenty-four memberships and six 
additional commitments. He expressed 
the belief that a substantial number of 
companies will probably be interested in 
taking out institutional membership in the 
Society. 

President Hollister emphasized the need 
for bringing industry and engineering 
education into a closer mutual relationship 
as respects the objectives of engineering 
education and also to provide a construe- 
tive program whereby Associate Institu- 
tional members will take a responsible role 
in the activities of the Society. He en- 
phasized the need for close coordinated ac. 
tion on the part of teachers and industry 
in order to develop a sound approach to 
the advancement of engineering education. 
Dean Saville reinforced this point of view 
by stating that industrial men had proven 
unsuccessful on ECPD accreditation con- 
mittees because they were not acquainted 
with the objectives and basic philosophy 
of engineering education and he hoped 
that by bringing engineers into more ac- 
tive participation in the Society, this 
would prepare them for responsibilities in 
accreditation work. 


Reports of Committees 


Constitution and By-Laws. Dr. Armsby 
presented the resolution of the Committee 
on Constitution and By-Laws to the effect 
that the Committee did not believe that the 
objectives of the Society can be improved 





MINUTES OF GENERAL COUNCIL MEETING 65 


py hasty revision of the constitution, but 
rather that the problem should be studied 
carefully and that constitutional revision 
should be presented only when there is 
clear evidence of need. The Council voted 
to approve the resolution. 
The Atomic Engineering Education 
| Committee. Dr. Armsby stated that the 
Atomic Engineering Education Committee 
had been appointed two years previously 
and that the five regional committees had 
functioned very satisfactorily in develop- 
ing regional programs on atomic engineer- 
ng education. It was recommended that 
the committee be continued, but with a 
rotation of committee membership. 
Teaching Aids Committee. Professor 
| Muhlenbruch announced that the Commit- 
tee on Teaching Aids is actively evaluating 
aids for use in engineering instruction and 
now needs the concerted assistance of 
faculty members throughout the country 
in supplying ideas of teaching aids which 
may be suitable for teaching purposes. 
He emphasized that the only way in which 
the committee can learn about available 
teaching aids is to have them brought to 
their attention by various faculty mem- 
hers. 
Emblem for the Society 
The emblem recommended by the Execu- 
tive Board for the flag to be flown at the 
Centennial of Engineering and for tenta- 
tive adoption of the Society was discussed 
and approved. This had been prepared 
by Professor Blakeslee at the University 
of Detroit. It was understood that this 
constituted tentative approval and that 
the General Council could revise this em- 
blem in the future if it deemed such action 
desirable. 


Resolutions of the Technical Institute 

Division 

President Werwath read two resolutions 
of the Technical Institute Division. The 
first emphasized the critical shortage of 
engineers and technicians and the general 
lack of understanding on the part of the 
public and educators concerning the place 
of the technician, owing to inconsistent 


terminology. It therefore recommended 
that, in the interest of clarity and public 
understanding of the nature of the tech- 
nical institute training and the place of 
the technician in industry, members of the 
ASEE be urged to refer to graduates of 
technical institutes as engineering tech- 
nicians. It also advocated an associate 
degree as an appropriate title of accom- 
plishment to distinguish from the bae- 
calaureate degree granted by engineering 
colleges. It was recommended that the 
resolution be referred to a committee of 
the General Council with the request that 
a report be prepared to be submitted to 
the Society as a whole. 

The second resolution of the Technical 
Institute Division proposed that the 
ASEE recommend to the Department of 
Defense the establishment in approved 
technical institutes of a Reserve Technical 
Training Corps. The Couneil voted to 
refer this resolution to the ASEE repre- 
sentatives on the Engineering Manpower 
Commission of the EJC. Dean Saville 
further suggested that these two pro- 
posals, along with the proposals of the 
Coordinating Committee on Relations with 
the Federal Government be referred to the 
Engineering Manpower Commission and 
the American Council on Education. The 
Council approved the motion. 

In closing the meeting, President Hol- 
lister mentioned the death of three dis- 
tinguished past presidents, Dugald C. 
Jackson, Fred E. Turneaure, and Charles 
EK. MacQuigg. The following resolutions 
extending the sympathy of the Society to 
the families were voted by the Council. 
The Council also passed a resolution of 
greetings to Dean H. P. Hammond, who 
was unable to attend because of illness. 


Tribute to Dugald C. Jackson 


At the 60th Annual Meeting of the 
American Society for Engineering Educa- 
tion held at Dartmouth College in June 
1952, the General Council of the American 
Society for Engineering Education unani- 
mously voted the following tribute to its 
eminent past president and distinguished 
educator. 
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The American Society for Engineering 
Education desires at this time to express 
to Mrs. D. C. Jackson and her family its 
deepest sympathy on the passing of their 
beloved husband and father, Dugald C. 
Jackson. Dr. Jackson was held in high 
esteem by all who were privileged to know 
him. He was a man of high ideals and 
great breadth of vision who understood 
the relation between education, industry, 
and government. He was a leader in in- 
tellectual thought and a vigorous champ- 
ion of the advancement of the professions 
of engineering and education. Practically 
every major engineering society can claim 
Dugald C. Jackson as a distinguished con- 
tributor to their progress, but the Amer- 
ican Society for Engineering Education 
takes pride in claiming him as its dis- 
tinguished past president and as one of 
the truly great men who built the Society 
to its present high stature. Seldom is it 
given in the lifetime of man the privilege 
of associating with a man of the vision 
and ability to translate ideas into action 
for the progress of humanity which Dr. 
Jackson possessed. Therefore, in humble 
tribute, the American Society for Engi- 
neering Edueation wishes to extend its 
greetings to Mrs. Jackson and to her 
family, with the clear recognition that the 
work of Dugald C. Jackson and his in- 
fluence have created a permanent and 
growing memorial far beyond the ability 
to express in words. 


Tribute to Charles E. MacQuigg 


At the 60th Annual Meeting of the 
American Society for Engineering Educa- 
tion, held at Dartmouth College in June 
1952, the General Council for the Amer- 
ican Society for Engineering Education 
unanimously voted the following tribute to 
its distinguished past president. 

The American Society for Engineering 
Edueation wishes to extend to Mrs. 
Charles E. MacQuigg and her family their 


deepest sympathy on the passing of their 
beloved husband and father. To the men. 
bers of the American Society for Eyoi. 
neering Education and to all who had the 
privilege of associating with him, Dean 
MacQuigg was held in high esteem as a 
great humanitarian and a man of depth of 
vision and understanding of human prob- 
lems. He was ever humble and self-effgo. 
ing but his vision and broad perspective 
exerted a profound influence throughoy: 
the entire educational fraternity, as wel! 
as in local, state, and federal governments 
His untiring devotion in guiding his owy 
institution, Ohio State University, into 
position of leadership among engineer. 
ing colleges and his active participation 
throughout many phases of the work of 
the American Society for Engineering 
Education, and as its distinguished presi- 
dent in 1947 have earned him the high 
respect and esteem of engineers and edu- 
cators throughout the country. His wide. 
spread influence in the engineering ani 
educational professions, in the local, state 
and federal governments, as well as his 
great humanitarian interests, are an en- 
during tribute to a truly great man. 


Tribute to Frederick Turneaure 


At the 60th Annual Meeting of the 
American Society for Engineering Eduea- 
tion held at Dartmouth College in June 
1952, the General Council of the American 
Society for Engineering Education unani- 
mously voted the following tribute to 
Frederick Turneaure, a distinguished past 
president of the Society and a great engi- 
neering educator. 

The American Society for Engineering 
Education wishes to express to the family 
of Dean Frederick Turneaure its deepest 
sympathy on his passing. Dean Turneaure 
was an eminent engineer and a truly great 
educator. He was a relentless worker for 
the advancement of the engineering and 
educational professions. His depth of in- 
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jjght and broad perspective of the trends 
of engineering education were clearly evi- 
jent in his presidential address when he 
roeame the distinguished president of the 
Society for Promotion of Engineering 
Education. Dean Turneaure was held in 
high esteem by all who were privileged to 
associate with him. His untiring work 
vontributed profoundly to the building of 


this Society to its present high stature. 
Throughout the educational and engineer- 
ing professions Dean Turneaure’s influ- 
ence has built an enduring memorial, a 
tribute to a great man. 


Respectfully submitted, 
ARTHUR B. BronweELL, 
Secretary 


Sections and Branches 


The Ohio Section held its annual meet- 
ing at the Ohio State University on May 
31952. The meeting was opened by S. 
M. Mareo. F. W. Heimberger and E. E. 
Dreese welcomed the members to the 
campus. 

The morning session was devoted to dis- 
cussions on counselling high school gradu- 
ates to enter engineering. G. B. Earnest 
presided. The first speaker was R. D. 
Landon. He diseussed the various in- 
formation bulletins he has prepared and 
sent out to high schools in the northern 
part of Ohio. He then introduced his 
guest, O. L. Schneyer, who gave a few 
remarks on “What Colleges Can Do to 
Help the High Schools.” The next 
speaker was J. G. Odgers, Jr. 

The afternoon session started with a re- 
port by R. T. Howe on the Objectives of 
Young Engineering Teachers Committee. 
E. W. Weaver reported on the activities 
of this committee at the University of 
Toledo. 

The following slate of officers was nom- 
inated ar’? unanimously approved: Chair- 
' man, H. K. Justice; Vice-Chairmen, E. O. 
Seott and N. D. Thomas; Secretary, K. F. 
Sibila. 

H. K. Justice presided at the regular 
afternoon session which had as its theme, 


“Counseling Superior Students to Enter 
Graduate Work.” L. G. Mitten and R. 
J. Anderson were the speakers. 


The National Capital Area Section of 
the American Society for Engineering 
Education held its 1952 Annual Meeting 
on May 10, 1952 at The George Washing- 
ton University, Washington, D. C. 

The topie for the morning session was 
“What Can the Secondary Schools Do to 
Help in the Training of Engineers.” 
Chairman William Oncken, Jr., presented 
the panel of five speakers whose names 
are as follows: W. T. Read, Harold A. 
Haynes, Charles E. Bish, Wilbur Jones, 
and Marian Magruder. 

The afternoon session consisted of dis- 
cussion on the topic: “Trends in Engi- 
neering Education,” following a paper by 
Robert Roy, Assistant Dean of Engineer- 
ing, The Johns Hopkins University, on the 
subject “The Hopkins Plan.” 

The following officers were elected for 
the year 1952-53: Chairman: L. K. Down- 
ing. Vice-Chairman: C. H. Walther. 
Secretary-Treasurer: Dugald C. Jackson, 
Jr. Council Representative: Two year 
term: H. H. Armsby. 








New Members 


AUZENNE, GusTAV, Chairman and Associate 
Professor of Business Administration, 
Howard University, Weshington, D. C. 
S. S. Davis, L. K. Downing. 

BELL, JAMES W., Placement Director and As- 
sistant Professor of Engineering, Lowell 
Textile Institute, Lowell, Mass. M. E. 
Gelinas, M. Hindle. 

BerGer, J. ALFRED, Acting Head and As- 
sociate Professor, Department of Metal- 
lurgical Engineering, University of Pitts- 
burgh, Pittsburgh, Pa. R. C. Gorham, P. 
E. Rush. 

BERNINGHAUSEN, Davin K., Librarian, The 
Cooper Union, New York, N. Y. C. H. 
Young, K. E. Lofgren. 

BiaGersTaFF, JOHN S., Instructor in Math- 
ematies, Drexel Institute of Technology, 
Philadelphia, Pa. F. H. M. Williams, D. 
Dowell. 

BILYK, MATTHEW H., Assistant Professor of 
Machine Design, Stevens Institute of 
Technology, Hoboken, N. J. M. R. Reeks, 
N. J. Rose. 

Bupy, JosepH J., Instructor in Electrical 
Engineering, Milwaukee School of Engi- 
neering, Milwaukee, Wis. F. J. Van Zee- 
land, F. Kaufmann. 

Burns, F. J., Associate Professor of Mechan- 
ical Engineering, Newark College of Engi- 
neering, Newark, N. J. J. L. Polaner, P. 
Mainardi. 

CHURCHILL, Stuart W., Instructor in Chem- 
ical and Metallurgical Engineering, Uni- 
versity of Michigan, Ann Arbor, Mich. E. 
H. Young, R. C. Walker. 

Davipson, RopertT F., Assistant Professor 
and Chairman, Mechanics Dept., Missouri 
School of Mines, Rolla, Mo. R. A. 
Schaefer, J. W. Rittenhouse. 

De Wipe, ANprIEs C., Instructor in Engi- 
neering, Detroit Institute of Technology, 
Detroit, Mich. L. L. Henry, E. A. Lucitte. 

DoERINGER, CHARLES E., Lecturer in Elec- 
trical Engineering, University of Toronto, 
Toronto, Ont., Canada. L. S. Lauchland, 
G. E. Tracy. 

DowninG, REGINALD H., Dean, Resident Col- 
lege, USAF Institute of Technology, Day- 
ton, Ohio. J. H. Belknap, H. P. Ham- 
mond. 


68 


Euias, Epwarp M., Instructor in Engineer. 
ing Extension, Pennsylvania State Coleg, 
Center, York, Pa. K. L. Holderman, y 
E. Neilly. 

ERDMAN, FREDERICK 8., Professor of Hea} 
Power, Cornell University, Ithaca, N, y. 
D. Dropkin, C. O. Mackey. 

ESPELIE, ERNEST M., Assistant Professor 
Library, U. 8. Coast Guard Academy, Noy 
London, Conn. S. C. Hollister, R. Wer 

FAVILLE, JOHN, JR., Director, Field Service. 
Milwaukee School of Engineering, \jj 
waukee, Wis. H. M. Wermath, F. Kau 
mann. 

Fay, JAMEs A., Assistant Professor of Engi- 
neering Mechanics, Cornell University, 
Ithaca, N. Y. D. F. Gunder, H. ¢ 
Perkins. 

FITZGERALD, JOSEPH M., Instructor in Chen 
istry, Newark College of Engineering, 
Newark, N. J. D. W. Dickey, T. J. Tully 

Foopy, JoHN J., Professor and Head 
Engineering, State University Maritime 
College, Fort Schuyler, Bronx 61, N. Y. 
C. H. Young, K. E. Lofgren. 

GrimM, C, JAMES, Assistant Professor of 
Electrical Engineering, Missouri School of 
Mines, Rolla, Mo. I. H. Lovett, J. W. 
Rittenhouse. 

HARTFORD, ARTHUR F., Supervisor, Employee 
Relations, E. I. du Pont de Nemours Com 
pany, Wilmington, Dela. S. L. Scott, D. 
W. Durham. 

HILL, CLayTon B., JR., Placement Repre 
sentative, Employee Relations Dept., E. i. 
du Pont de Nemours Company, Wilming 
ton, Dela. D. W. Durham, S. L. Scott. 

HILTON, Harry H., Assistant Professor of 
Aeronautical Engineering, University of 
Illinois, Urbana, Ill. H. S. Stillwell, J. 
M. Coan, Jr. 

Hooper, Irvin P., Associate Professor of 
Mechanical Engineering, Rose Polytechnic 
Institute, Terre Haute, Ind. H. A. 
Moench, C. C. Knipmayer. 

HUuLLEY, OLiver S., Associate Professor of 
Industrial Engineering, Purdue Univer 
sity, Lafayette, Ind. H. A. Bolz, H. F. 
Owen. 
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[L10, DOMINADOR L Assistant Professor of 
Mechanics, University of the Philippines, 
Quezon City, P. I. C. J. Posey, J. W. 
Howe. 

Kays, WILLIAM M., Assistant Professor of 
Mechanical Engineering, Stanford Uni- 
versity, Stanford, Calif. A. L. London, 
L. 8. ‘Jacobsen. 

Ketter, Epwarp L., Assistant Director of 
General Extension, Pennsylvania State 
College, State College, Pa. K. L. Holder- 
man, V. E. Neilly. 

| Kennepy, OWEN W., Assistant Professor of 
| Electrical Engineering, Worcester Poly- 

technic Institute, Worcester, Mass. T. H. 

| Morgan, D. E. Howes. 

Kerr, Lewis W., Instructor, Automotive 
Dept., Franklin Technical Institute, Bos- 
ton, Mass. B. K. Thorogood, R. G. Adams. 

KLEIN, Kurt K., Design Engineer with J. N. 
De Serio, Consulting Engineer, Buffalo, 
N.Y. C. M. Fogel, H. M. Gehman. 

KRACKHARDT, RUSSELL H., Assistant Profes- 
sor of Electrical Engineering, Worcester 
Polytechnic Institute, Worcester, Mass. 
T. H. Morgan, H. H. Newell. 

KRAEMER, EDWIN C., Chief Clerk, Chemistry 
Dept., Newark College of Engineering, 
Newark, N. J. D. W. Dickey, F. A. 
Russell. 

KRUEGER, JOHN F., Assistant Professor of 
General Engineering, Purdue University, 
Lafayette, Ind. R. W. Lindley, H. A. 
Bolz. 

LakEW, HIRAM G., Instructor in Civil Engi- 
neering, Purdue University, Lafayette, 
Ind. L. T. Wyly, E. C. Thoma. 

LEFFEL, R. ERNEST, Assistant Professor of 
Civil Engineering, University of Colorado, 
Boulder, Colo. C. L. Eckel, R. E. Rath- 
bunn, 

MarsH, Ropert F., Assistant Professor of 
Electrical Engineering, Norwich Univer- 
sity, Northfield, Vt. W. D. Emerson, R. 
W. Thieme. 

McEacuron, Karu B., Manager, Laboratory- 
Engineering Dept., General Electric Com- 
pany, Pittsfield, Mass. M. M. Boring, A. 
Haertlein. 

McGeaby, Leon J., Assistant Professor of 
Metallurgy, Lafayette College, Easton, 
Pa. W. B, Plank, E. L. MeMillen. 

McKean, A, K. F., Associate Professor of 
Social Studies, North Carolina State Col- 
lege, Raleigh, N. C. K. O. Beatty, R. 
Hazelton. 


MENAND, HowarbD, JR., Lecturer in Mechan- 
ical Engineering, Princeton University, 
Princeton, N. J. J. C. Elgin, K. H. 
Condit. 

MENKE, EvGENE M., Assistant Professor of 
Electrical Engineering, Union College, 
Schenectady, N. Y. J. B. Morrison, G. 8. 
Smith. 

MILES, AARON J., Professor and Chairman, 
Mechanical Engineering, Missouri School 
of Mines, Rolla, Mo. E. W. Carlton, R. H. 
Young. 

MILLER, Earu A., Assistant Professor of 
Electrical Engineering, Virginia Military 
Institute, Lexington, Va. J. S. Jamison, 
Jr., R. J. Trinkle. 

MILLER, K. S., Assistant Professor of Mathe- 
maties, New York University, New York, 
N. Y. H. A. Giddings, I. Wladaver. 

MINFoRD, WALDO E., Instructor in Electrical 
Engineering, University of Nebraska, 
Lincoln, Neb. F. W. Norris, O. E. Edison. 

Moore, GrorGE E., Manager, University Re 
lations, Westinghouse Electrie Corpora- 
tion, East Pittsburgh, Pa. J.C. McKeon, 
G. D. Lobingier. 

Moser, Dexter H., Head, Engineering De- 
partment, North Idaho Junior College, 
Coeur d’Alene, Idaho. N. F. Hindle, H. 
W. Silha. 

Myatt, DonaLp J., Assistant Professor of 
Engineering, Antioch College, Yellow 
Springs, Ohio. D. McGregor, J. D. Daw- 
son, 

Nau, Ropert H., Assistant Professor of 
Electrical Engineering, University of II- 
linois, Urbana, Ill. J. V. Neal, P. K. 
Hudson. 

NicHots, Lee L., JR., Instructor in Elec- 
trical Engineering, Virginia Military In- 
stitute, Lexington, Va. J. S. Jamison, R. 
J. Trinkle. 

NORVIK, FREDERICK J., Associate Professor 
of Electrical Engineering, Rensselaer 
polytechnic Institute, Troy, N. Y. L. D. 
Runkle, G. K. Palsgrove. 

PALKEN, GEORGE, Assistant Professor of In- 
dustrial Engineering, Northeastern Uni- 
versity, Boston, Mass. W. T. Alexander, 
H. K. Brown. 

PETERS, ARTHUR S., Professor of Mathe- 
matics, New York University, New York, 
N. Y. H. A. Giddings, G. A. Yanosik. 

Pipes, Louis A., Professor of Engineering, 
University of California, Los Angeles, 
Calif. A. B. Bronwell, S. C. Hollister. 
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Quick, FLoyp J., Instructor in Chemistry- 
Physics, Fresno Junior College, Fresno, 
Calif. J. B. Franzini, A. B. Bronwell. 

REIFSNYDER, JOHN G., Assistant Professor of 
Electrical Engineering, Lafayette College, 
Easton, Pa. F. W. Smith, L. J. Conover. 

RICHARDSON, ARMAND, Associate Professor 
of Electrical Engineering, A. & T. College 
of North Carolina, Greensboro, N. C. J. 
M. Marteena, L. K, Downing. 

RoBIsON, WENDALL C., Assistant Professor 
of Electrical Engineering, University of 
Nebraska, Lincoln, Neb. F. W. Norris, 
C. W. Rook. 

Roney, Euuis L., Assistant Professor of 
Electronic and Radio Engineering, Cali- 
fornia State Polytechnic College, San Luis 
Obispo, Calif. C. E. Knott, C. Nadius. 

RosE, Ropert H., Instructor in Electrical 
Engineering, Newark College of Engineer- 
ing, Newark, N. J. D. W. Dickey, F. A. 
Russell. 

Rune, THoMas J., In Charge Terminal 
Study, Pennsylvania State College, State 
College, Pa. K. L. Holderman, K. Hunter. 

RUSSELL, JOHN B., Professor of Electrical 
Engineering, Columbia University, New 
York, N. Y. J. M. Garrelts, J. R. Ragaz- 
zini. 

ScHMIDT, ADELBERT C., Coordinator and Li- 
brarian, Milwaukee School of Engineering, 
Milwaukee, Wis. C. O. Werwath, F. Kauf- 
mann. 

Seaarist, Epon J., Engineer, Gas Dynamics 
Facility, ARO, Inc., Milwaukee, Wis. H. 
S. Stilwell, A. F. Armsbee. 

SMITH, EvuGENe W., Vice President, Cogs- 
well Polytechnic College, San Francisco, 
Calif. R. W. Dodd, R. G. Folsom. 

SoDERQUIST, ALBERT A., Administrative En- 
gineer, Boeing Airplane Company, Seattle, 
Wash. B. T. McMinn, H. G. Wessman. 


College 


The appointment of Gordon S. Brown 
as head of the Department of Electrical 
Engineering at the Massachusetts In- 
stitute of Technology was announced by 
Dr. James R. Killian, Jr., President of the 
Institute. Dr. Brown, who assumed his 
new duties on July 1, succeeded Dr. 
Harold L. Hazen, whose appointment as 
Dean of the Graduate School was an- 
nounced recently . 


NEW MEMBERS 


THIGPEN, ARTHUR C., Assistant Profeseo, 
Electrical Engineering, Louisis; 
technic Institute, Ruston, La. 
Richardson, A. B. Bronwell, 

THOMPSON, WEBSTER M., Coordinator o; 
operative Engineering Training, ()))o, 
William & Mary, V. P. L., Norfolk. 
W. M. Beck, Jr., E. L. White. 

WapsworTH, WILLIAM B., Associate Protos 
sor of Electrical Engineering, Woreostor 
Polytechnic Institute, Worcester, \J a 
T. H. Morgan, H. H. Newell. 

Wesser, Davip S., Instructor, Automotive 
Department, Franklin Technical Institys, 
Boston, Mass. B. K. Thorgood, R, ¢ 
Adams. 

WEINWURM, ERNEST H., Associate Profes 
sor of Industrial Engineering, Stevens J, 
stitute of Technology, Hoboken, N, J, kK 
J. Moser, A. Lesser, Jr. 

WHITING, FRANCIS F., Associate Professor 
of Machine Shop, California Polytechni 


J. B. Franzini, C. E. Knott. 

Wuitson, LEE S., Professor of Industria 
Engineering, University of Minnesots 
Minneapolis, Minn, A. M. Severson, J, 
M. MacKenzie. 

YAMAUCHI, YouHIKAzU W., 
Mechanical Engineering, University of 
Detroit, Detroit, Mich. H. Gudebski, W. 
P. Godfrey. 

YopER, ELDON J., Research Engineer, Civil 
Engineering Department, Purdue Univer 
sity, Lafayette, Ind. K. B. Woods, E. ¢. 
Thoma. 

ZINN, Rospert E., Professional Lecturer, 
Chemical Engineering, Northwestern Uni 
versity, Evanston, Ill. L. F. Stutzman, 
G. G. Lamb. 


Assistant 


78 new members elected this year 


Notes 


Everard M. Williams, voted the out- 
standing young electrical engineer of the 
United States in 1946, has been appointed 
Head of the Department of Electrical 
Engineering at Carnegie Institute of 
Technology. Designer of the oscillator 
and deflector for the Carnegie Tech 2!5 
million dollar synehro-eyelotron, Dr. Wil- 
liams has been a member of the Carnegie 
faculty since 1945. 





Britain’s Economic Rise and Decline 
and Its Implications* 


By GEORGE BAEKELAND 


Although our civilization may be said to 
have stemmed from Greece, the greatest 
development and enrichment of mankind 
occurred in Western Europe. In that 
small area enduring works of art and 
literature were produced and in it evolved 
parliamentary government and democracy. 
Modern thought, science, and the indus- 
trial arts came to us from that area. The 
industrial revolution originated in Eng- 
land, within the sphere of Western 
Europe. 

Arnold Toynbee described the industrial 
revolution as the “substitution of competi- 
tion for medieval regulations which had 
previously controlled the production and 
distribution of wealth.’ Adam Smith’s 
‘Wealth of Nations,” published in 1776, 
advocated the doctrine of laissez faire— 
freedom in industrial and commercial life 
instead of regulation and restriction—a 
doctrine which our recent planners and 
do-gooders have vilified. 

The woolen industry in England was 
carried out as a part time pursuit at home 
by farmers and their families. There were 
no overhead charges. The new cotton in- 
dustry, which marked the beginning of the 
industrial revolution, was based on ma- 
chine power and factories. Unlike the 
woolen industry, it required a concentra- 
tion of mill hands who became renters in- 
stead of home owners, solely dependent 
for livelihood on the success of mills that 
failed if overhead charges on heavy in- 
vestments were not met. 

The growing needs of industry and 
growth of markets developed transporta- 


*Given at General Session of ASEE, Dart- 
mouth College, June 25, 1952. 


tion and banking facilities and improved 
machinery. Inventions followed because 
England had markets, capital, coal and 
iron. To produce machines, machine tools 
had to be developed. Watt, who invented 
the steam engine, had to wait ten years 
before metal-working tools could be de- 
vised to bore cylinders of 6 inch bore and 
24 inch stroke, and there were no ma- 
chinists. 


Ascendency of the British Empire 


The beginnings of the industrial revolu- 
tion were coincident with a gloomy out- 
look for Englishmen. They had just 
emerged from a long and exhausting war. 
But England had had her trials and set- 
backs at the hands of Saxons, Danes, Wil- 
liam the Conqueror, Spain, and Louis 
XIV, and Napoleon was soon to try her 
mettle again. She was never so great as 
when all seemed lost, losing all her battles 
but the last one; unprepared for crisis, 
she muddled through. She was equally 
unprepared to admit defeat, a character- 
istic that has so often exasperated foreign- 
ers. 

After Waterloo the economic center of 
the world was shifted to England. During 
the wars of the latter seventeen hundreds 
and up to 1815, England, shielded by her 
navy, increased her revenues, population, 
and manufactures, while improvements in 
agriculture met her growing needs. 

In the 19th century Britain laid the 
foundation for the first world-wide eco- 
nomic system and became the world’s lead- 
ing naval, industrial and mercantile na- 
tion. The character of her people—cour- 
ageous, industrious, well-balanced and 
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tenacious—contributed largely to her suc- 
cess in diplomacy and in commerce. The 
speed of Britain’s rise to eminence was 
matched only by the rapidity of her de- 
cline, resulting from a set of conditions 
over which she could exercise but scant 
control. For her rise to the rank of fore- 
most country she deserves great credit; for 
the loss of that position she cannot fairly 
be rebuked or criticized. Having lost the 
American colonies, forces beyond her con- 
trol were set at work that made the change 
inevitable. She was an importer of food 
and raw materials and exporter of finished 
goods. 

The Industrial Revolution, which began 
in England as already noted, gave that 
country a lead of about a third of a cen- 
tury over other nations. Since her in- 
dustrial materials had to be imported with 
the exception of coal, she was the largest 
importer of raw materials and food. Ob- 
viously, it was to her advantage to em- 
brace a policy of free trade which met her 
peculiar situation so adequately. 

In time Britain began to import more 


than she exported and her agriculture de- 


clined. But returns on foreign invest- 
ments and payment earned by British 
shipping and insurance companies were 
compensations. Sterling was the inter- 
national currency. 

Her accumulating capital became too 
great to invest at home. In the latter part 
of the 19th century British capital was 
employed in nearly all parts of the world. 
Mines, railways, and steelworks in the 
United States were financed, after our 
Civil War, with British capital and engi- 
neered by Seots and Englishmen. Hers 
was a world-wide economy and in indus- 
trial products other nations found it dif- 
ficult to compete with her. British capital 
invested abroad created the roots of in- 
dustry in foreign lands that were not tight 
little islands devoid of raw materials and 
hampered by a small internal consump- 
tion. The United States, unrestricted by 
such limiting factors, was to become a 
challenge to Britain’s supremacy. 

In such an economy as Britain’s free 
trade became a necessity and a dogma, but 


its rigid application had its disadyantgoo 
She imposed no tariff on sugar to protest 
her colonies, while Germany paid ay a. 
port bounty on sugar. Her former leon 
tive West Indian sugar trade (sugar. ma 
lasses and rum) was ruined; the ; 
became distress areas. 


le } 
Slands 


Troubled Signs Ahead 

In 1879 farming in England ceased ty 
pay and thereafter the production of foo, 
declined, a period during which competi. 
tion increased and exports declined, Jy 
1840 Britain led in pig iron production, 
By 1897 the United States was under. 
selling the British in London and our pro. 
duction of pig iron exceeded that of Brit. 
ain by about 10%. The Economist (Lon. 
don) of April 16, 1898, remarked, “The 
fact that the United States is now able to 
produce pig iron and some forms of stee! 
cheaper than this country, is a serioys 
menace to our foreign trade in the future.” 

After the Franco-Prussian War of 187) 
Germany became a strong, unified nation, 
a fast-growing industrial world power 
with which Britain had to reckon. Fol. 
lowing 1870 Britain’s adverse trade bal- 
ance rose 20%. Her surplus declined and 
income from foreign investments shrank. 
After 1890 there was a heavy sale of 
foreign securities in London, especially 
American securities, while death and ex- 
cise taxes were increased. 

We were destined to become the leading 
industrial nation. Ours was the largest 
internal market in the world, with an 
abundance of all manner of raw materials 
and a rapidly growing population not de. 
pendent on foreign sources of goods. To- 
day we possess about two-thirds of the 
industrial capital and three quarters oi 
the invested capital of the world. 

The need to import food to keep her 
population alive and raw materials to sup- 
ply her industries placed Britain in 4 
vulnerable position in time of war, a 
situation that undoubtedly influenced her 
foreign policy. With uneanny prescience 
and prior to the Boer war, Brooks Adams 
wrote, “Great Britain may be not too in- 
aptly described as a fortified outpost of 
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the Anglo-Saxon race, overlooking the 
eastern continent and resting upon Amer- 
ica,” and he predicted that the United 
States and Britain would combine for 
their own safety, “whether or not agree- 
able to them,” * and that the risk of isola- 
tion seemed more dangerous than the risk 
of alliance. 

Britain underrated the Boers. Mistakes 
and a poor showing were made at the 
start. These errors could have given 
Kaiser Wilhelm II, predominantly an ag- 
cressive military character, the hope and 
the encouragement for starting the first 
World War. That war had a crippling 
effect on Britain’s fortunes while it did 
much to accelerate the strength and eapac- 
ity of industry in the United States. But 
the first and second World Wars should 
not be accepted too readily as the cause of 
Britain’s decline from her former position 
as the leading industrial and commercial 
nation; they did, however, accelerate the 
decline. Cireumstances and destiny en- 
abled the United States in the early part 
of the 20th century to reach the stature of 
a great nation. She was endowed with a 
combination of raw materials, population, 
foodstuffs, geographical position, climate, 
and a large internal market that made her 
aseendeney possible; and the necessity to 
meet the demands of her large home 
market impelled her to develop mass pro- 


| duction techniques. 


The economic conditions prevailing in 
the late 19th century and the early part 
of the 20th resulted in a great increase 
in wealth and a sense of well-being and 
confidence. The contemporary scene was 
completely satisfactory, agreeable, and 
seemingly permanent. After the first 
World War many people expected the 
world to return to the good and comfort- 
able pre-war days. This was the hope and 
conviction of many. But that war left be- 
hind it a world that they would never see 
again, a point of no return. Only memory 


1P, 81, ‘* America’s Economic Superior- 
ity’’—Harpers. 

?P, 82, ‘* America’s Economie Superior- 
ity’’—Harpers. 


could go back to a world that had gone 
forever. 

Any hope for a return to the conditions 
existing in former days was shattered by 
the Great Depression of 1929, followed ten 
years later by the most far-reaching and 
calamitous war of all times. Eastern 
Europe and Russia thereafter virtually 
vanished from trade with the remainder of 
the world. Political ferment and the dom- 
inance of Russia in the Far East stifled 
markets. Britain and Europe lost their 
old supremacy and the United States 
gained by it. The conditions and the 
climate of the late 19th century lingered 
for a short time into the 20th century, then 
abruptly disappeared. 

Germany’s inflation following the war 
of 1914-1918 eliminated her debt and pro- 
duced a large degree of unemployment 
with attendant low wages. Japan, with its 
cheap labor and its penchant for copying 
others’ ideas and designs, began to under- 
sell England, particularly in textiles, ship- 
building and light industry. Japan took 
some of England’s lucrative trade in the 
Orient; her Manchurian coal was cheaper 
than Britain’s. 

Before the second World War there was 
a tendency in many countries to become 
economically and politically independent 
and to exploit their own resources, a situa- 
tion that did England harm. She found it 
an increasingly greater problem to buy 
food from the United States because we 
exported more than we imported; a condi- 
tion that eventually resulted in a dollar 
crisis for Britain. 


Capital Investment Influenced by 
Taxation 


Economists may be said to be generally 
agreed that to maintain an expansion of 
industrial production, 10% to 15% of a 
nation’s income must be reinvested an- 
nually in new plant and equipment. In 
the period between the two World Wars 
Britain used but three per cent annually 
for such purpose. Her older industries 
were losing vitality, and unemployment 
followed. Her excessively high rates of 
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taxation on corporate and personal in- 
come, and on inheritance, were in no small 
measure responsible for this condition. 

Since the last war, British industry has 
been further eroded by the combined in- 
fluence of taxation and inflation. Since 
1939 the level of taxation in Britain has 
been maintained at more than 40% of the 
national income. 

A study made in 1935 and 1936 by the 
National Resources Committee, a group 
composed of leaders in the Roosevelt ad- 
ministration, indicates that the bulk of 
savings in the United States was made by 
familiés having incomes of $5,000 or more. 
It was found that the capital necessary 
to finance both new undertakings and the 
expansion of old ones was derived pri- 
marily from the after-tax income of those 
receiving more than $5,000 annually. In 
our country, this class, at the time the re- 
port was made, tended to spend $3 billion 
annnually for living expenses and about 
74% of all their after-tax income tended 
to be invested in stocks and bonds. 

These facts show how the prosperity of a 


nation is dependent upon the ability of the 
more prosperous sections of the popula- 


tion to save and accumulate capital. It is 
obvious that the part of income taken by 
government in taxes cannot be saved; and 
it follows that very high taxes on persons 
in the upper income brackets tend greatly 
to hamper the economic progress of a na- 
tion. The only sources of capital are the 
savings of individuals and corporations. 

The law of diminishing returns operates 
in taxation and in revenue as it does in 
other fields. A study of taxation in the 
United States shows that a rate of 23% 
to 25% has brought the highest returns, 
a condition which cannot be assumed to 
apply solely to our own country. High 
taxes in England since the first World 
War have contributed in no small measure 
to a decrease in the vitality of her indus- 
trial plant; and financial history proves 
that when taxes consume more than 
twenty-five percent of national income, in- 
dustrial decline sets in. 

Britain’s current confiseatory taxes can 
have no other effect than to hamper her 


recovery and in time they may ruin he 
Taxation siphons away the n 1oney ye. 
quired to keep her industrial plant jn 
pair or to equip it anew Excessive “ei 
tion is not a device to increase reveny 
but to level society by dividing what ¢ ap. 
italism has produced. 

Between the two World Wars in neay}y 
all parts of the world the price of finishe 
products, owing to improvements in tec). 
nology and to mass production, tended ty 
decrease in relation to the price of ant 
materials and food which Britain was ye. 
quired to purchase abroad. In 1938 she 
imported 20% more and exported 40% 
less than in 1913. 


Cartels and Industrial Progress 


The absence in Britain of laws against 
monopolistic practices, such as contained 
in our Sherman and Clayton Acts, is un- 
doubtedly another contributing factor in 
Britain’s industrial deeline. Competition 
between members of an industry in the 
United States is on a very different foot- 
ing than it is in Britain. Our incentive 
to secure markets and ward off competi. 
tion, domestie or foreign, is greater here, 
for one member of an industry may intro- 
duce a technological improvement that can 
be ruinous to his competitors. As we so 
well know, our laws prohibit “gentle- 
manly” and cooperative relations with 
competitors, here or abroad. We are 
forced to rely on efficiency and techno- 
logical advantages over competitors. Price 
fixing, patent pooling, and allocation of 
markets are denied us. If our business 
relations with competing companies were 
cozy and friendly there would not be the 
pressure to employ the large proportion 
of technical and scientifie personnel s0 
characteristic of American industry and in 
numbers out of proportion with those en- 
countered in British and European com- 
panies. Technical advances would have 
oceurred here as they have elsewhere, but 
our laws regulating trade practices have 
made it necessary to attain the high degree 
of efficiency and the technical superiority 
that characterize American industry. 
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The premium we have placed on tech- 
nological progress has been reflected by 
bonuses, pensions, employment contracts 

F and salaries to scientists, engineers, and 
chemists, and on their status in the com- 
panies employing them. ; In many of our 

F companies they attain important eee 

| tive positions. After receiving a doetor’s 

§ degree in chemical engineering or physies 

F our students, on leaving universities, are 

| offered by industry salaries of six to seven 

' thousand dollars. The contrary is the rule 
in Britain, where technical men are poorly 
paid and their social status is low. The 

» calaries of civil service scientists run from 
$1,800 to $3,000 a year. Research work- 

' ers have to punch time cards, while senior 

' lecturers in universities have to wash their 

' own glassware. Such unattractive condi- 

' tions have resulted in an acute shortage of 

' scientists and technologists in Britain. 


Rising Socialism 

When the telegraph and telephone were 
introduced in England these services were 
taken over by the Post Office. Public 
| utilities, too, were scvialized in the last 
century. Britain got some of the virus of 
socialism rather early, a disease hard to 
shake off once the victim has got his feet 
wet. Her-situation during the last war 
led her to resort to socialistic restrictions 
upon her people and economy which have 
not been relaxed. The creeping paralysis 
of Statism and the Welfare State struck 
England more forcibly than it did us and, 
to date, has gone farther. Her output per 
man hour has declined, as has her coal 
production. Without sufficient coal the 
underpinning of Britain’s commercial 
power is destroyed. 

The British tax load is so great that 
incentive is undereut by reducing the 
penalty for shiftlessness and reducing the 
rewards for doing something. Very little 
individual income is left available for in- 
vestment or purchases. 

In 1880 George Bernard Shaw and a 
group in England formed the Fabian So- 
ciety with the avowed purpose of recon- 
structing the British economie system. 
Not interested in creating more national 


wealth, they sought only to achieve a level- 
ing process, a re-distribution of wealth. 
The restrictive measures and high tax 
rates imposed in the course of two world 
wars did much to accelerate the blight that 
now pervades the British nation. 

In January of this year Time magazine 
quoted Lord Beveridge, who lately spear- 
headed Britain’s Socialism, as saying, 
“There has been too much leveling down. 
It is not posible for anyone, however hard 
and well he works, to enjoy the kind of 
income or to make the savings for old age 
that were easy when I was a young man. 
Just from where, in our classless collection 
of men and women, leadership will come 
. .. I do not know.” 

Britain has a badly worn out plant that 
has been running to capacity for years 
and inflated prices that add to the dif- 
culty of reinvestment in plant. Her de- 
preciation charges are not enough at pres- 
ent price levels and the tax load has been 
increased on the earnings left after de- 
preciation charges. Her machines are 
worn out and inefficient: obsolete tools 
cannot rapidly be replaced. Her produc- 
tivity has suffered a severe loss. Her steel 
production in 1951 showed a decline from 
1950, the only nation to show a decline, 
probably the result of nationalization of 
steel. 

The last war ravaged all of Europe and 
Western Russia. The Far East, too, suf- 
fered from war damage and civil strife. 
Britain became dependent for supplies on 
the Western Hemisphere, which was un- 
affected by war or by climatic or civil 
crises, an area that had burgeoned under 
the impetus of a war economy. Between 
1939 and 1944 our national income 
doubled. There have been two ways to ob- 
tain high produvticity and, in turn, pros- 
perity: the former American way of re- 
warding incentive; and the old idea of 
slave labor used by Babylon, Greece, and 
Rome and now being tried by Russia. 
Britain’s present Share the Wealth is in 
between. Incentive is killed by high taxes 
and her Government is not strong enough 
to control Labor, troubles we currently 
share with her if only to a lesser degree. 
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The locus of civilization and commerce 
moved westward, from China, Babylon, 
Greece, the Italian peninsula, the Low 
Countries and France, to England. Pres- 
ently, economic leadership resides in the 
United States. Should this movement be 
guided by natural law—it could be coin- 
cidence——we might expect ascendency in 
Eastern Asia and a decline on the North 
American continent. The great land mass 
now under Russian control, in whose out- 
post we are presently engaged in an un- 
even struggle, has a vast population, a 
great store of natural resources, and pos- 
sibly the capacity to feed its hordes: a 
challenging spectacle even to those who 
would discount the theory of natural law. 


The Choice of Destiny 


While dwelling on so dreary a prospect, 
and whether natural law or coincidence 
has determined the course of history, it 
might be interesting to speculate on what 
might have happened if the stupidities, 
the narrow views, and the injustices pre- 
vailing during the rule of George III, 
combined with a dislike and resentment 
against America, had yielded to those in 
England who showed wisdom and better 
judgment. Britain would have had Amer- 
ica on her side during the wars with 
France; the War of 1812 and the bitter- 
ness that lasted for generations would 
have been avoided. Of course, the mere 
mention of such a supposition might be 
considered heretical, but that it did not 
and cannot now happen should put at ease 
those who sense a trace of heresy. In- 
evitably, industrial supremacy would have 
moved to North America for reasons al- 
ready mentioned, i.e., climate, food, na- 
tural resources, geographical position and 
population but economic growth on the 
North American continent would in all 
likelihood have been less rapid nor would 
there have been such a rapid flood of all 
manner of immigrants. With control of 
North America it may be supposed that 
Britain’s economie supremacy would have 
lasted indefinitely longer. We are re- 
minded that our Monroe Doctrine was 
predicated on her naval dominance and 
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her policing power. With the resoures 
and manpower of North America yy 
the British flag it is unlikely that any na 
tion or probably combination o} nat 
could have been a serious challenge. 

Her colonial empire would haye yp. 
mained intact and our political statys 
would have become akin to that of (ap. 
ada. The two World Wars of this cy. 
tury would probably not have occurye, 
because Britain’s growing weakness ¢g¢i 
time invited them. The Pax Britannica 
might be keeping order in this disordere; 
world today. Speculation on speculation, 
and argument as well, could be added, by: 
there seems to be some basis for the syp. 
position that our victory in 1776 may no 
have been wholly an unmixed blessing jy 
the light of present world problems an¢ 
dangers. Britain herself came close to rey. 
olution during those days, for reasons that 
prompted the revolution here. The ip. 
justices that caused it and likewise pre. 
vailed in England were corrected there 
not long afterward. 


America’s Excursion in Internationalism 


Our first excursion into internationalism 
occurred when Britain and France faced 
defeat in World War I. It became ap. 
parent that full American support would 
be necessary to prevent Germany’s con- 
quest or domination of Europe and prob- 
ably Russia and the Dardanelles. Our 
own interests impelled us to prevent both 
the disintegration of Britain’s mercantile 
empire and the economic status of Europe: 
we feared the prospect of an all-powerful 
Germany dominating Europe. _Isolatior- 
ism for the United States then ended but 
was resumed when we declined to join the 
League of Nations; and isolationism con- 
tinued to be our policy until self-interest 
again prompted us to rescue our former 
allies from the menace of Hitler’s Ger- 
many. 

Had our own so-called statesmen not 
been so artless and simple we might have 
gone back to minding our own business 
after the second World War, to returning 
in larger measure to what is termed isola- 
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tionism but more properly might be re- 
ferred to as nationalism. 

Jsolationism appealed to the many who 
« rightly sensed that we were ill-fitted for 
and irresponsible in foreign affairs, as wit- 
ness only the irreparable folly at Teheran 
and the cupidity at Yalta, then the awful 
supidity of our President and Secretary 
of State at Potsdam by giving in to the 
Russians While we had in the field the 
greatest military force of all times. Per- 
haps, they believed our Ambassador to 
Russia, who wrote the following in “Mis- 
sion to Moscow”: “In my opinion, the 
Russian people, the Soviet government, 
and the Soviet leadership are moved basi- 
cally by altruistie concepts. It is their 
purpose to promote the brotherhood of 
man. They wish to create a society in 
which men may live as equals, governed by 
ethical ideals. They are devoted to peace.” 
Our isolationists must have sensed that 
American know-how was sadly lacking in 
the field of diplomacy. 

Our foreign policy is initiated by our 
presidents, party bosses raised to emi- 
nenee, We usually appoint generous cam- 
paign contributors to become ambassadors, 
and party politicians as Secretaries of 
State. Is it any wonder they so often do 
so badly for us? 

Goethe in 1831 remarked, “I hate all 
bungling like Sin; but, most of all, bun- 
gling in State affairs, which produce noth- 
ing but mischief to thousands and mil- 
lions.” 

Until the early part of the last century, 
incompetence, bungling and corruption 
were as rife in English polities and ad- 
ministration as those evils are with us to- 
day. Patronage was abolished and a Civil 
Service, trained in special schools, took its 
place. When England’s Augean stables 
were cleaned out, Andrew Jackson set 
them up in business over here. We did 
not ape the English that time. 


Universal Sufferage and Socialism 


The quality of public office in Britain 
improved and a debasing factor in public 
life was removed. The British Civil Serv- 
ice is perhaps the best in the world and the 


least affected by the faults of bureaucracy. 
Independent bodies of experts known as 
Royal Commissions are appointed to study 
problems and render reports prior to 
legislative action, a very useful system. 
When a government changes, hardly a 
hundred officials lose office—practically all 
publie offices depend on competitive exam- 
inations. 

As John Truslow Adams, the American 
historian, wrote, “A privileged governing 
class who do not have to worry about 
money and who are genuine in their desire 
to lead in a noble and independent fashion 
may fall below their privileges and op- 
portunities and get out of touch with the 
people at large. Yet, on the other hand, 
a democracy, as is evident today, may 
phow itself unable to produce capable lead- 
ers of both party and country.” ! 

A factor that may have assured Britain 
good government for so long a time was 
the very gradual granting of the franchise. 
Not until 1884 was it extended to male 
heads of households. Although unqual- 
ified universal suffrage has become a fetish 
to many, there is no gainsaying the fact 
that granting to every citizen the right to 
vote with no other qualifications than that 
he or she be twenty-one years of age and 
not in a prison or an insane asylum has 
its drawbacks; no family, business, ship or 
farm could be expected to do well under 
such a system, and from all evidence no 
exception can be made for nations. The 
trend toward Socialism and the general 
decline in statesmanship in our own coun- 
try and in others may be the result of sev- 
eral influences, but the advent of un- 
qualified universal suffrage appears to 
share a large part of the blame. 

When the executive and legislative are 
recruited by unqualified universal suffrage, 
every act must be popular and socialistic 
or votes are lost. The demands of the 
mediocre direct the acts of government. 
As the base of suffrage is extended so does 
legislative action become more debased, 
and the pall of mediocrity descends upon 
a nation. In time the frustrated masses 

i1‘*Empire of the Seven Seas’’—J. T. 
Adams, Scribner. 
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call for a leader to curb the Frankenstein 
their own demands and votes have created, 
a political savior who will do all their 
thinking and acting for them. How often 
we hear that call in our country today, as 
witness only a call for a leader in an 
editorial in the Saturday Evening Post of 
May 3rd. Bread and cireuses lead to 
single party governments and dictator- 
ships, and it is likely that all countries 
that succumb to the folly of unqualified 
universal suffrage will in time go through 
the wringer. 


Tragic Consequences of Appeasement 


The second World War and its tragic 
effects on the world in general did more 
than all else to reduce Britain to the piti- 
able condition which currently prevails 
there. Had that war been prevented, as 
so easily it could have been with a modi- 
cum of statesmanship and political cour- 
age, unpopular with the British masses, 
she would today be a proud and strong 
nation, notwithstanding the fact that in- 
dustrial supremacy had inevitably been 
shifted to North America. 

Germany’s resurgence as a great mili- 
tary power could have been stopped at any 
time in the early or middle 1930’s by 
enforcement of the Treaty of Versailles 
through the League of Nations, as could 
Italy’s sally into Abyssinia. -Britain was 
the main prop of the League and what she 
did or refused to do was to determine the 
course of history. 

When Mussolini attacked in Abyssinia 
and Hitler openly flaunted the provisions 
of the Treaty of Versailles by rearming 
Germany and instituting conscription, 
Stanley Baldwin was seeking re-election 
of his party by promising all things to all 
voters. During that campaign he strongly 
advocated the need for rearmament and a 
stronger navy but to placate the pacifists 
he said, “I give you my word there will be 
no rearmaments” and added, “There will 
be no war.” After his party won the elec- 
tion he pursued a peace-at-any-price pol- 
icy which prompted Mussolini to change 
sides by allying himself with Hitler, who 


henceforth was no longer isolated. Who, 
Winston Churchill took Baldwin t, task 
for not getting Britain prepared, the lat. 
ter replied, “I cannot think of anythine 
that would have made the loss of the Tg 
tion from my point of view more certain,” 

During this critical period the United 
States, a signatory to the treaty of peace 
and its principal architect, considered j; 
wise to have nothing to do with the for. 
eigners. We were preoccupied with “tay. 
ing and taxing, spending and spending,” 
too busy leaf-raking, badgering business. 
men and setting up a Utopian Welfare 
State to concern ourselves about enforcing 
the peace we had won at the cost of sp 
many lives and so much treasure Woe 
have looked upon war not as an instry. 
ment of diplomacy but as a football game: 
when the game was over we tore up the 
goal posts, threw our hats into the air 
and went home. 

Whereas in the past insularity has pro. 
tected us from attack, it likewise made ys 
less skilled in world affairs. Our geo- 
graphical position has isolated us and 
made our people possibly the most pro- 
vincial of any of the great nations, except 
Russia. As a result, Americans have not 
understood the habits of mind, the man- 
ners, the reactions, prejudices, or ways of 
foreigners: our dealings with them and our 
diplomacy have suffered for that reason. 
As an example, taken within our borders, 
it is recognized that a Southerner is far 
more adept than a Damyankee in dealing 
with negroes; the Southerner knows, hence 
understands negroes. 

Britain’s decline and our ascendency im- 
pose on us new responsibilities and duties, 
unequal to them as we presently seem. 
The problems and perils confronting us 
cannot adequately be met by the calibre of 
statecraft displayed here to date. We 
have succeeded to Britain’s former world 
position and exceeded it in nearly all re- 
spects except in governmental administra- 
tion and in diplomacy. Unless we correct 
that weakness, historians will be writing 
the cause of America’s decline as the 
course of Empire again moves Westward. 





os 


aS ——— l,l | 


A Procedure for Teaching Fundamentals* 


By FREDERICK W. ROSS 


Professor of Aeronautical Engineering, University of Detroit 


We in engineering education are faced 
with this problem: With the rapidly in- 
creasing amount and complexity of engi- 
neering technical information how can we 
give the engineering student a good sound 
education? Shall we continue to cram the 
student with more and more specialized 
technical information or shall we empha- 
size the teaching of fundamentals? 


Practical Procedures Needed 


In aeronautical engineering alone refer- 
ence to the college catalogue for one large 
university shows that the student would 
have to attend some four or five years 
after becoming a junior to complete all the 
specialized and pertinent upper division 
subjects offered. Not only would this re- 
quire a total of six to eight years of col- 
lege—a circumstance which would prob- 
ably interest very few students—but be- 
cause of the rapid obsolescence of such 
specialized technical information a sizable 
proportion of the subjects learned early in 
the course would even be obsolete before 
the student was graduated. 

This situation is of course handled, gen- 
erally at present, by requiring the student 
to elect a specialty within a specialty. 
This is a good expedient perhaps—but it 
gives the student only a narrow training 
and not a sound education. Also, what 
happens to the student who chooses a 
specialty that becomes obsolete or a spe- 
cialty he finds impractical to pursue as his 
life work? 


*A paper given before the University of 
Detroit Section of The American Society for 
Engineering Education at the University of 
Detroit, April 4, 1952. 
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These and many similar facts have be- 
come more and more apparent in the past 
ten to twenty years. They pose problems 
we all know must be solved. 

In contrast to this situation we observe 
that certain fundamentals are basic to all 
engineering fields and that these funda- 
mentals have a much longer period of ac- 
tive useful life and more generally outlast 
the engineer himself. In consequence we 
ask: Shall we emphasize the teaching of 
these fundamentals rather than continue 
to cram the student with more and more 
detailed information? 

This question may be viewed in two 
ways: 

(1) Should we emphasize fundamen- 

tals? and 

(2) If so, how ean we do it? 


Considerable has been said and written 
on these two questions, principally the 
first, showing why it is advantageous to 
teach fundamentals. While perhaps we 
don’t all agree with all that has been said, 
I believe that we all, more or less, agree 
with the general idea. Yet, we ask—How 
can we, in a practical way, teach funda- 
mentals effectively and yet turn out tech- 
nically sound engineering graduates? 

I believe the entire problem even though 
excellent in principle, will stand or fall 
depending on whether a good practical 
way of doing the job can be found or not. 


Present Curricula Preferable 


There are two ways of approaching the 
problem of teaching fundamentals: 


(1) To rearrange the subject matter 
(curricula) to fit in additional 
courses involving fundamentals, or 


JournaL or ENGINEERING EpucaTIoNn, Oct., 1952 








80 


(2) To work out new methods of teach- 
ing to emphasize fundamentals 
within the framework of present 
curricula. 


The second approach has three impor- 
ant advantages: 

(1) The fundamentals can be made 
more realistic and interesting to the stu- 
dent if taught in surroundings as near the 
real thing as possible, (2) no immediate 
change in administration of curricula need 
be made, and (3) by making the changes 
within the framework of present curricula 
any necessary changes in curricula can be 
made gradually as the work evolves rather 
than by requiring drastic immediate 
changes. It seems reasonable to expect 
that any practical solution to the problem 
of teaching engineering fundamentals 
must be carried out ‘at class room level 
between instructor and student in terms 
of subject matter already deemed, by 
previous experience, to be important 
enough to be included in present curricula. 

Many of the elements discussed here are 
already well known. It is felt, however, 
that the manner in which they are used 
offers improved effectiveness. For that 
reason I should like to pass along my ex- 
perience to date in trying to evolve a pro- 
cedure for emphasizing the teaching of 
fundamentals within the framework of 
present curricula. 


Results to Date 


About a year ago, while teaching a 
course on airplane stability and control, it 
occurred to me that here was a course 
which might lend itself advantageously to 
the emphasis of fundamentals. The sub- 
ject matter involves the most advanced 
aerodynamics interrelated with rigid body 
dynamics in six dimensions. The complete 
solution of such a problem involves a sys- 
tem of six differential equations with com- 
plicated variable coefficients. 

Although this is a senior course, the 
subject cannot be handled in ten weeks 
even if the students had the necessary 
mathematical and aerodynamics back- 
ground. 
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In this course then we have a ¢ 


1Oice of 

(1) giving the student a mass of misce!. 
laneous information with no more 
than a vague idea of what it js all 
about, or 

(2) we can try to give him a soyng 
fundamental foundation to build 
on. 


Knowing from previous experience tha 
the first approach, the descriptive ap- 
proach, left much to be desired, I venture) 
to try the fundamental approach. 

The results of this first attempt were 
like this: Rather than gaining a nodding 
acquaintance with a mass of detailed sta. 
bility information and a rather vague no. 
tion of how it is all related to the whole 
stability problem, 


(1) Over two-thirds of the class showed 
a fairly mature grasp of the funda. 
mentals involved. 

Two students, except for minor 
numerical errors, completed a dif- 
ficult final exam for which the in- 
structor took nearly the entire pe- 
riod to work. 

Only two students were lost in the 
details (as is generally the case for 
the majority of students with the 
usual more descriptive presenta- 
tion). 


(2) 


These results seemed sufficiently en- 
couraging to go further into the matter. 
Since then constantly improved versions 
of the procedure have been tried in six or 
eight different classes including aerody- 
namics, theory of compressors and tur- 
bines, and fluid mechanics as well as the 
course on airplane stability and control. 


Outline of Procedure 


The procedure is simple and—a point 
of interest to all instructors—easy on the 
instructor—less detail need be prepared. 

The teaching of fundamentals must 
start with the instructor. He must break 
the subject down into the most elementary 
essentials and show how the essentials are 
related to the many ramifications he in- 
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tends to illustrate. This may require a 
slightly different view of the subject, but 
along with this and what detailed engineer- 
| ing information we all have from our own 
experience, the instructor is well equipped 
to apply the method. 
The fundamentals must be presented in 
the simplest, clearest terms possible for the 
stature of the students. If the instructor 
has a thorough grasp of the subject this 
} approach will be the easiest to present; if 
not, then such a preparation will add much 
' to his understanding of the subject and 
' hence to his ability to put it across. 

The method as evolved to date may not 
be directly applicable to some courses such 
» as those involving mainly descriptive mat- 
ter or to large lecture classes. Perhaps 
| some aspects of the procedure could be 
| adapted in such eases, however. 
| Briefly the method may be outlined as 
| follows: 


' 1. Student Participation 

' (All analyses, including newly pre- 
sented subject matter, theory, and prob- 
lems, are accomplished entirely by class 
diseussion—mainly by question and an- 
swer method.) 


A. Orientation 
(Accurate but informal definitions 
are presented in terms of stu- 
dents’ background including pre- 
vious engineering, science, and 
mathematics courses as well as 
everyday experiences.) 

. Follow-up (Feedback) 
(By question and answer find out 
if the students are with you at all 
times—if not, slow down until 
you are together. ) 

. Repetition of Fundamentals and 
Their Applications 
(Every time a fundamental is 
needed in a derivation or a dis- 
cussion ask a student to furnish 
it and to trace through its impli- 
cations. ) 


This student participation can usually 
be conducted as a round-table diseus- 
sion. This informal approach opens 


the student to the subject and removes 
the mental block often present in more 
formal presentations. It gives him 
practice in thinking in terms of funda- 
mentals much as he does other things in 
life and in addition gives him practice 
in extemporaneous speaking. It pro- 
vides a way for him to gain confidence 
in his own ability to cope with prob- 
lems by using his own mental faculties 
rather than by leaning on books or in- 
structors. 


2. Programming (not scheduling) 


A program is an outline or order of 
events to be pursued, while, on the other 
hand, a schedule is a statement of time 
of projected operation. (Rather than 
hurry from one subject to the next to 
meet a given time schedule we should 
take the important material in program 
order, i.e., “finish” each topic before 
starting the next. At a musical con- 
cert each selection is finished before 
starting the next—certainly an educa- 
tion is more important to the student 
than the playing of a piece of music. 
We should try to cover each step well 
before going on. It is more important 
to gain a better understanding than to 
cover more subject matter. In applying 
this, of course, judgment must be ex- 
ercised. Sufficient time cannot be al- 
lowed for unusually slow or careless 
students, and in some beginning sub- 
jects understanding is not always pos- 
sible the first time a subject is pre- 
sented. It certainly applies, however, 
to most upper division courses.—This is 
discussed further later.) 


. Analysis Breakdown 


Neat systematic summary 

(It is preferable that all items in a, b, 
and ¢ below be given in terms of some 
kind of “short hand” notation or in 
terms of symbols or mathematical rela- 
tionships where possible so that the 
larger logical steps can be visualized 
more readily without being lost in too 
many details.) 


a. Items given directly 


knowns) 


(direct 
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b. Items implied (indirect knowns) 
ce. Unknowns 


4. Distinguish the Concepts Involved 


a. Physical concepts 

b. Mathematical aspects 

ce. Units problem 
(By the use of symbols appro- 
priate to the problem each prob- 
lem or derivation should be divided 
into smaller steps which are thus 
each shown in a simple mathemat- 
ical relation to the whole problem 
—see example cited later for fur- 
ther explanation.) 


5. Closed Book Examinations 


(Closed book examinations are prefer- 
able. The student should learn to think 
by himself without leaning on a book or 
answer book, or an instructor. It is 


felt that this is important in helping 
the student gain confidence in himself.) 


Correlated Principles 


In order to apply the method more ef- 


fectively the following important prin- 
ciples should be well understood : 


i 


Cross Roads Principle 

The class room is a cross road—every 
student, including those having had the 
same courses, comes to class from a dif- 
ferent “mental” route. They usually 
have much in common but still their de- 
gree of understanding is often widely 
different. 

. Vague Notion vs. Working Understand- 
ing 

The distinction between these two items 
must be constantly kept in mind. Engi- 
neering (both design and analysis), like 
thinking, is an art. Anyone can get the 
vague notion of how to play the piano 
in a few hours. To become a concert 
artist requires years of concentrated ef- 
fort and practice. So it is with engi- 
neering—the student must practice the 
use of fundamentals in the solution of 
important engineering problems before 
he can really make use of them in the 
solution of difficult problems. 


3. Latent Ability and Knowledge 
Most students have much ability an) 
knowledge lying dormant jin the 
minds. If these latent abilities can }p 
drawn out a few times by, say, the 
question and answer procedure, or by 
closed book examinations, the students 
learn to appreciate what they can qo 
for themselves. Usually their interes, 
and enthusiasm rise accordingly, anq 
once they find it out they develop much 
more rapidly from their own increased 
interest. 

. Mental Economy Principle 
It has been said that there is no limit 
to what most people will do to ayoid 
thinking—consequently almost every. 
body is looking for some special short 
cut formula—some easy way out—to 
avoid thinking. By examples, ¢ drawn 
from problems and experiences, the stu- 
dents can be shown, especially in the 
complex engineering problems of today, 
how much they ean save in time and 
effort by good sound analysis—the real 
short cut. 

. Reflection (or Follow-through) 
All students should be encouraged to 
appreciate that when the first answer to 
any problem is obtained, the problem 
is only about half finished. It must 
be checked—rearranged—presented. It 
must be reviewed to gain an over-all 
perspective of the principal points of 
eoncern. In the class discussions this is 
done by repetition (Part 1 ¢. above). 


their 


Discussion of Method 


The use of student participation, in- 
volving orientation, follow-up and repeti- 
tion, and the use of programming rather 
than a time schedule, will in some cases 
require additional time. Experience has 
shown that although most classes may be 
considerably behind by mid-term, some- 
times, and particularly in senior courses, 
they go farther before the end of the term. 
Because of the basic nature of engineering 
fundamentals and analytical methods to 
all engineering subjects, it seems reason- 
able to expect that if students study us- 
ing these methods for several successive 
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courses much momentum will be gained so 

that any loss which may be experienced 

at first will be more than regained before 
they are graduated. ; 

Two examples will be discussed to illus- 

trate some of the more important points 

‘the procedure. 
ee let us consider part 3 b. of the 
Analysis Breakdown, entitled “Items im- 
plied” or “Indirect knowns.” Such items 
include all pertinent general principles 
implied as well as all pertinent mathemat- 
ical relations implied. To illustrate the 
former, consider the following problem: 
an airplane glides from a height against a 
headwind. What is the maximum hori- 
zontal distance the airplane can glide in 
terms of known aerodynamic character- 
isties? This problem usually stumps even 
the best of students—until they can ap- 
preciate and understand the one simple 
fact—that the airplane flies in the sur- 
rounding air (i.e. relative to the air) and 
that any aerodynamic analysis must be set 
up in terms of the surrounding air rather 
than the ground. Once this simple fact is 
really understood the problem is easily 
solvable. Then the student can readily see 
why—although the airplane flies in “still” 
air, which is moving past the earth, the 
magnitude of the headwind requires a 
change in the manner in which the air- 
plane must be operated in order to glide 
the maximum horizontal distance. 

Second, as a further example of “Items 
implied” and to further illustrate the dis- 
tinction between 4 a. “Physical concepts” 
and 4 b, “Mathematical aspects” as well 
as the “Units problem” (4 ¢.). Consider a 
fluid flow problem involving energy bal- 
ance. Given: a fluid flowing in a conduit 
from station (1) to (2) 


© 


@) 


The main “Physical concept” is very 
simple: 


By the law of conservation of energy— 
the energy at (1) plus heat or work added 
less heat or work removed is equal to the 
work at (2). Any junior student who 
can count money can understand this—he 
has so much money in his pocket, he 
spends so much, he earns so much, he has 
so much left. Have him write it down in 
terms of the energy in the fluid something 
like this: if e, is the energy in the fluid 
at station (1) and e, at station (2), then 


e, + heat or work added — 
heat or work removed = fy 


In any particular application each of 
these quantities must be evaluated. For 
example, in an adiabatic expansion no 
heat or work is added or removed, hence 
e, =e,; in a compressor work energy is 
added to the fluid, no heat is added or re- 
moved, hence e, + W =e,; in a turbo-jet 
engine heat is added by a burner and work 
is removed by a turbine and added by a 
compressor, thus 


e+Q—W,+W,=e, (1) 


It is important that this simple concept 
be determined and clearly understood be- 
fore attempting to evaluate each separate 
item. Thus the major items which enter 
into the problem and the manner in which 
they enter can be clearly understood with- 
out complication of the details of evalua- 
tion of each major item. 

The next step is the evaluation of the 
major items. These can often be broken 
down into smaller units. For example, the 
energy in the fluid at station (1), 


e, = (kinetic + gravity potential + pres- 
sure potential internal + chemical + 
nuclear + ete.) energies. 


The detailed mathematical expression of 
each of these items is a separate problem 
and need not be confused with the main 
problem. To illustrate this aspect con- 
sider a problem involving only the first 
four types of energy. Then, 


e, = ov? +2,+ p,/w,+Ju,. (2) 


The student need not consider the mat- 
ter of units in the problem until he reaches 
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this point. Thus any confusion of units 
is separated from the main problem. 

The substitution of these detailed quan- 
tities into a relation such as eq. (1) is 
simple and almost trivial, and all students 
ean handle it immediately, and hence the 
problem is like an open book, easy to 
visualize, easy to check. The student then 
by the use of simple algebra derives his 
own equation for this particular problem 
as 
Iyv,2? +2, + p,/w,+Ju,+Q+w,- 

W,= v,? + 2, + p,/w, + Ju,. (3) 
No emphasis is placed on this resulting 
equation. In the class each problem is 
started from the simple fundamental rela- 
tion which is the basis of equation (1). 
In this way the student understands that 
equation (3) is the algebraic solution to 
a particular problem rather than a for- 
mula. He has the understanding and is 
then able to set up similar problems for 
any circumstance required rather than to 
use a general formula similar to equation 
(3). By “opening the problem up” in this 
way, such things as sign conventions which 
are easily susceptible to error, and check- 
ing difficulties are avoided—and a very 
important point—the student has an ef- 
fective simple way to check the problem, 
either in the manner of application of the 
various terms or in the units. 

The essence of the analysis then is to 
analytically “open the problem up” so 
that the student can see the main problem 
and so that he can isolate the details that 
eause trouble. Thus he can concentrate 
his effort on the difficult parts after re- 
moving the masking effect of the things he 
knows. Thus it is usually found that the 
difficult parts aren’t as difficult as at first 
appears, as is usually the case when he 
tries to solve the whole problem by “ 
sight” or at a glance or by a formula. 

When presented in this “open” analyt- 
ical way, in the friendly round table dis- 
cussion method, illustrated by numerous 
examples, the student soon finds out how 
much better he can understand the prob- 
lem, how much more easily he can. check 
his results, and how easy it is to trace 
down errors and to make modifications to 


fit other problems—then he begins to g, 
confidence in his own abilities—ayq ,, 
begin to stand on his own “ment feet” 

This manner of analysis has ano ther im 
portant aspect. It prepares the sty, dent t 
fit into a supervisory capacity. 

If the energy problem just disey 
were a problem which required 4 Jay, 
number of persons, then the student wh 
has a working understanding of these pr 
cedures is in a position to supervise » 
administer such a problem most eff: 
tively. Thus the chief engineer sets , 
the main problem (represented by the yy. 
lation e, + Q — W =e.,, e.g.). He then ar 
ranges his organization to have one 4 
sion handle each part (represented by ., 
Q,, W, and e, respectively). elk of 
these divisions headed by a divisiona! 
supervisor in turn can separate his diy; 
sion into smaller departments (¢.¢., ¢. cay 
be separated into kinetic, chemical, et. 
departments—each with a department 
head). As in the analysis of problems, 
so also in the administration of larger 
problems by “opening the problem up” by 
analysis the difficult phases can be sepa. 
rated from the simpler. Thus the admin. 
istrator can appoint the more capable and 
better qualified persons to handle the more 
difficult phases but need not have such 
highly specialized persons for all parts of 
the problem. He can concentrate the ef. 
fort where needed. 

The importance of analytical experienc: 
gained in this way to the administration 
of technical problems it is believed is in- 
valuable, and should help prepare the way 
for administration in broader fields. 


Sse. 


Summary 


In summary, it is believed the student 
who can analyze problems in this way 
should be prepared to become a competent 
engineer—he knows how to go ahead by 
himself—he develops self-confidence, he 
starts to think for himself, he learns how 
to separate the unimportant details from 
the important and difficult issues. It 1s 
believed that this is what we want to give 
the student—a good sound engineering 
education. 





The Status of Engineering Economy * 


By WILLIAM D. McILVAINE, Jr. 


Director, Engineering Extension and Placement, University of Alabama 


Why and How of the Survey 


In discussing the problem of how to en- 
courage more schools to teach Engineering 
Economy and to get more students to 
study the subject, the Engineering Econ- 
omy Committee asked that a survey be 
made of the present status of the subject. 
| A preliminary questionnaire was sent to 

each school offering four or more years 

of engineering education as listed in the 
| Educational Directory published by the 
U.S. Office of Education. This first ques- 
tionnaire, among other things, requested 
the name of the individual in charge of the 
' teaching of Engineering Economy in the 
event that the school offered the subject. 
A second questionnaire was sent to this 
individual to get the complete details on 
the manner in which the subject was 
taught, In each of the questionaires, the 
subject of Engineering Economy was de- 
fined as “the body of principles involved 
in making a wise choice between engineer- 
ing alternates.” To give further substance 
to the definition, the questionaire stated, 
“The course usually includes a study of 
prospective rate of return, interest, an- 
nuities, depreciation, financial statements, 
comparisons on the basis of present values 
and expected annual costs, replacement 
problems, ete.” 


Statistical Results of the Survey 


To get a broad picture of what engineer- 
ing colleges were recommending to their 
students to acquaint them with the prin- 


* Presented before Engineering Economy 
Committee of the American Society for En- 
gineering Education, June 26, 1951, Lansing, 
Michigan, 
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ciples of business practice, the question- 
naire asked the approximate percentage of 
students taking work in the following four 
fields: Engineering Economy, Economies, 
Accounting, and Business Principles. 
Table I indicates the results of the re- 
turns from 122 of the 150 schools con- 
tacted. 

The following facts have been gleaned 
from the returns from the 57 schools that 
reported that they taught Engineering 
Economy and who gave sufficient informa- 
tion. Table II indicates the frequency 
with which Engineering Economy is re- 
quired or frequently elected in each of the 
18 curriculums. 

Table II gives some interesting informa- 
tion when you note the ratio of the number 
of schools requiring Engineering Economy 
to the number of schools offering the sub- 
ject as an elective. It is evident that the 
Industrial Engineers with their 26 to 1 
ratio value the subject very highly. The 
Civils also hold it in high esteem with a 
ratio of 33 to 10. The Electricals and 
Mechanicals appear to regard it as im- 
portant but not essential since their ratio 
of required to elective is approximately 
5 to 4. It is evident that those schools 
who have organized a course in Engineer- 
ing Economy do regard it as important 
since the totals indicate it is required in 
152 curriculums and elective in 90 cur- 
riculums. 

The most popular text appears to be 
Grant’s “Principles of Engineering Econ- 
omy” with 24 courses in which it is the 
only text, and 5 courses where it is used in 
conjunction with some other text. Four 
other texts are closely grouped as also 
popular. Woods and DeGarmo was used 
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in 7 courses and in one other course in 
conjunction with another text. Thuesen 
was indicated as the sole choice in 6 
courses and as a joint text in 3 others. 
Canfield was adopted in 5 courses and 
Bullinger in 4 courses with a fifth case 
where it was used jointly. 

The second questionnaire also asked for 
a statement of the prerequisites for a 
course in Engineering Economy. The 
most popular prerequisites were: Senior 
standing (16), Junior standing (11), and 
principles of economies (9). Several 
schools related Engineering Economy to 
earlier courses in Accounting or Industrial 
Management. Columbia specified caleu- 
lus, accounting, and corporation finance as 
prerequisites. From the results of the 
questionnaires I presume that much can 
be done to more effectively relate the study 
of engineering economy to the study of 
engineering design, business principles, 
accounting, statistics, and economics. 

The average Engineering Economy 
course is equivalent to 3.7 quarter credits 
when we consider only those courses that 
are strictly limited to the field of Engi- 
neering Economy. One school presents 
the course in the sophomore year, 11 in the 
junior year, 38 in the senior year, and 1 
in the 5th year of a 5-year curriculum. 
The philosophy behind the 4th year place 
in the curriculum is that the seniors will be 
getting a taste of design problems in some 
field of engineering at that time. How- 
ever, a number of schools are now con- 
vinced that the general principles of Engi- 
neering Economy should be presented in 
a fairly elementary manner at an earlier 
date so that the student will be better pre- 
pared for the transition from the study of 
science to the study of engineering design. 


TABLE I 


AVERAGE PER CENT OF STUDENTS TAKING 
OnE on More Courses IN EAcH OF 
THE FCuLOWING SUBJECTS 


Subject 
Engineering Economy 
Economics 
Accounting 
Business Principles 


Average % 
40.6 
92.1 
23.4 
25.4 


TABLE II 


NUMBER OF SCHOOLS IN WuicH ENGINERp 
ING Economy Is REQUIRED on Fre. 
QUENTLY ELECTED For Eacu 


CURRICULUM LISTED 


Curriculum Number of Number, 


Schools Schools 
Requiring Electing 
Aeronautical 
Agriculture 
Architectural 
Ceramics 
Chemical 
Civil 
Electrical 
Engineering Physics 
General 
Geological 
Industrial 
Mechanical 
Metallurgical 
Mining 
Petroleum 
Sanitary 
Textile 
Other Curriculums 
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The average engineering student become 
intrigued with the problem of obtaining 
“exact” numerical answers and it is 
healthy for him to make an early acquaint. 
ance with the fact that the most difficult 
type of problem is that of making a choice 
between several answers, none of which is 
“exact.” 


Interpretation of Objectives 


What are the real objectives of Engineer. 
ing Eeonomy and how important are they 
in Engineering Education? If only 40 per 
cent of our engineering students should 
have an introduction to the principles ot 
wise and economic choice, how are we go- 
ing to choose the right 40 per cent? Or 
should all engineering students have an 
introduction to Engineering Economy! 
Or are we on the wrong track altogether. 
and should we return to the policy oi 
teaching the fundamentals of science, 4 
little about the techniques of modern de 
sign, and nothing else? 

It seems obvious that present trends in 
engineering education are toward breadth. 
A number of engineering educators in 
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replying to the questionnaires emphasized 
his fact and particularly the fact that 
Engineering Economy was designed to ac- 
complish this purpose. <A typical state- 
} ment was that of Professor J. F. Manildi, 
‘University of California at Los Angeles, 
who stated, “It is our strong feeling that 
our course in Engineering Economy is in- 
dispensable in the engineering curriculum. 


' We feel that an engineering graduate is 
| not properly qualified to handle everyday 


engineering problems on the job unless he 


' has an appreciation of the influence of the 


economics of the situation on the tech- 
nieal aspects of the problem.” This does 
not indicate that a course in Engineering 


| Economy will broaden a student to the 
extent that is desirable, but it does indicate - 
| that it is an opening wedge in getting the 
; engineering student to consider the value 


of other than purely technical studies. 


Evaluation of Present Practice 


The average course in Engineering 
Economy does seek to acquaint the stu- 
dent with enough of the vocabulary of ac- 
counting, business practice, finance, ete., 
so that he can work intelligently with 
management. In addition, the course 
gives the student some techniques of anal- 
ysis that will enable him to deal with tech- 
nieal problems in which first costs and 
continuing annual costs are factors. All 
of these studies are directed at helping 
him understand the problems of an in- 
dividual business. He may even get a 
little glimpse of how factors such as taxa- 
tion, price levels, ete. affect the individual 
business and this may give him some 
curiosity in regard to these factors. 

It is my belief that the study of Engi- 
neering Economy with its concern for the 
problems of the individual business unit is 
much more elementary and basic than a 
study of the topics ineluded in the average 
course in the Principles of Economics. I 
agree that Economics has greater breadth 
than Engineering Economy if each course 
actually teaches what it proposes to teach. 
I also agree that an understanding of 


Economies is a prerequisite to a stable 
functioning of a democracy. However, 
my experience in dealing with students 
who have studied economies in their soph- 
omore or junior years is that they have 
gained a very trivial comprehension of 
the material included in Principles of 
Economies. 

A much more logical plan for effectively 
broadening engineering students is to 
teach them something about the operations 
of an individual business enterprise before 
we attempt to help them understand our 
economy as a whole. Good teaching in 
practically any field seeks first to describe 
units and then to describe systems. How 
can a student understand a system until 
he has acquired at least a good acquaint- 
ance with the components of the system. 
Why don’t we teach Engineering Econ- 
omy in the junior year and Economies in 
the senior year, or at least teach the 
courses in this order? 

From the standpoints of motivation and 
effective teaching, this arrangement seems 
much more desirable. A junior is eager to 
engage in a discussion of problems that 
appear to be the type that an engineer 
will be called upon to solve. The economy 
considerations of engineering problems 
can be presented as something of a shock 
to his vital concern with physical solu- 
tions. If Engineering Economy is taught 
in a challenging manner, the students’ 
curiosity should be aroused to learn more 
of the broader problems such as might be 
presented in Principles of Economies. 
Then when a student hears a discussion of 
taxation he appreciates how the proposed 
change in taxation will affect the decisions 
of an individual business. To the author, 
it appears vital that engineering colleges 
require a course in Engineering Economy 
that will provide the introduction to the 
economy problems and business vocab- 
ulary described above. As a very min- 
imum plan of action, engineering educa- 
tors should instigate a thorough study of 
the optimum arrangement for introducing 
engineering students to business practice 
and the principles of economies. 





88 THE STATUS OF ENGINEERING ECONOMY 


Variations and Innovations 


Some interesting work is being accom- 
plished by institutions that are attempting 
to integrate the teaching of Economics 
and Engineering Economy. However en- 
gineering educators will have to experi- 
ment even more if we want to uphold the 
engineer’s reputation for willingness to 
engage in practical research in comparison 
with the reputation of our cousins the 
economists. This past year they published 
a report of their committee on The Teach- 
ing of Undergraduate Economies clearly 
emphasizing the need for improving the 
teaching of their subject and indicating a 
genuine willingness to completely re- 
orient their program. 

Typical of this willingness to try new 
methods is this statement of the Sub- 
Committee on the Study of Economies in 
Schools of Business: “We believe that 


conventional economic theory courses are 
not well-suited to a business student. He 
has no obvious interest in or motivation 
toward such courses. Therefore, to teach 


the considerable amount of economic the- 
ory which a business student should learn, 
a device must be found for relating the 
subject to his interests and objectives. 
This we believe can be done by centering 
the study around the business enterprise.” 
They have several recommendations that 
would appeal to engineering students at 
least as much as to students of business: 
“(1) Analytical methods should be em- 
phasized, as against descriptive, legalistic, 
approaches. The ultimate objective is to 
teach students to think intelligently about 
the problems they face. They can and 
usually must learn most of the facts of an 
individual business or industry, on the 
job, and (2) Historical studies should not 
be neglected. . . . Economie history pro- 
vides perspective and may enable business 
men to balance short-run and long-run 
considerations.” This sub-committee went 
on to make the specific recommendation 
that the economics taught to business stu- 
dents include the “economies of the busi- 
ness enterprise,” meaning the economic 


problems faced by an individual busine. 
organization. es 

Economists have not only been discuss. 
ing the problem of achieving effecti,, 
teaching of their subject to al! types of 
college students, but they have been eo, 
ducting classes on an experimenta| basis 
They have also published a number of yoy 
texts that seek to approach the subject jp 
a more interesting manner. ' 
Economics, Principles and Cases” jy 
Alt and Bradford, “The American Eero. 
nomic System” by Newbury, and “Mp. 
agerial Economics” by Joel Dean should 
be reviewed by all teachers of Engineerins 
Economy. : 

This past year has also witnessed ay 
increased interest on the part of engineer. 
ing registration officials in requiring cap. 
didates for registration to demonstrat 
their ability to analyze engineering ecoy 
omy problems. Professor Matchett of []. 
linois Tech indicates that a section of the 
registration examination in Illinois is now 
devoted to Engineering Economy and the 
as a result several more engincering ¢- 
partments are considering requiring the 
subject in their curriculums. Profess: 
R. C. Gorham of the University of Pitts. 
burgh reports that two questions on Engi. 
neering Economy are now included in 
every registration exam in Pennsylvania 
Professor Arthur Lesser of Stevens In- 
stitute of Technology described in some 
detail the situation in New York where 
each candidate must answer 3 out of 5 
questions on the Economies of Engineer- 
ing and Practice. 

Employed persons are now being of- 
fered Engineering Economy and refresher 
work in this field. There are thousands of 
engineering graduates who never were ex- 
posed to the subject who are now moving 
into positions where they must make, or 
least assist in making, decisions regarding 
engineering economy problems. In many 
respects Engineering Economy is a na- 
tural subject for continuation study. One 
idea stressed by leading business execu- 
tives replying to a questionnaire dis- 


“Business 
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E fore. 
F ine Economy are readily understood by 


© undergraduates, appreciation of its use- 
> fulness should increase rapidly as an engi- 
neer gains experience. 


THE STATUS OF ENGINEERING ECONOMY 89 


tributed by the American Economies As- 


’ <oeiation, was that “many subjects can be 
‘ understood and knowledge of them ac- 
| quired better after graduation than be- 


” While the principles of Engineer- 


Conclusions 


The areas in which we should sell our 


subject are so vast that we must utilize 
| every means at hand if we are to make 
' appreciable progress. My own interpreta- 


tion of this survey is that our biggest op- 
portunities are: 


(1) To insist that Engineering Econ- 
omy is basie to engineering and 
should be required in the engineer- 
ing curriculum. 

To explore the idea that it is more 
basie than a study of the national 
economy as a whole, and should be 
presented prior to general eco- 
nomics. This recommendation does 
not mean the elimination of eco- 
nomics, but it does suggest that 
economics can best be learned after 
the student has studied the prin- 
ciples by which an individual or- 


ganization plans its economy and 
investment programs. 
To explore the means for integrat- 
ing Engineering Economy, or at 
least coordinating it, with the teach- 
ing of economics. 
Te increase the availability of even- 
ing or in-service courses designed 
for employed engineers who want 
to learn more of engineering econ- 
omy techniques and who are mo- 
tivated to learn more of the rela- 
tionship of their problems to those 
of the national economy. Such a 
venture should definitely be a co- 
operative venture of engineers, 
economists, and teachers of busi- 
ness principles. 

(5) To increase our efforts to improve 
the quality of teaching. 


The author wishes to thank the members 
of the Committee on Engineering Econ- 
omy for their interest, suggestions, and 
counsel. The deans, administrative of- 
ficers, and teachers of Engineering Econ- 
omy who answered the questionnaire dem- 
onstrated a willingness to help that was 
far beyond what the author expected. 
Whatever value this paper has is pri- 
marily the result of the enthusiasm and 
cooperation of those who furnished the 
material and ideas. 


In the News 


The program of the second Convention 
of the Panamerican Union of Engineering 
Associations, more commonly referred to 
as UPADI, held its Convention on the 
Tulane University Campus August 25-30, 
1952. The ASEE was represented by 
Dean L. J. Lassalle of Louisiana State 
University and Dean S. S. Steinberg of 
the University of Maryland. One of the 
speakers was W. R. Woolrich, President 
of the ASEE, who presented a talk on 
“Engineering Education in the United 
States.” 


The 30th, 31st, and 32nd basie courses 
in radioisotope techniques in research 
will be offered by the Oak Ridge Insti- 
tute of Nuclear Studies on January 5, 
February 2, and March 2, 1953. 

Application blanks and other informa- 
tion on the one-month courses may be ob- 
tained from Ralph T. Overman, Chairman, 
Special Training Division, Oak Ridge In- 
stitute of Nuclear Studies, P. O. Box 117, 
Oak Ridge, Tenn. 





The Undergraduate Thesis in Chemical 
Engineering at M.LT. 


By ALAN S. MICHAELS 


Assistant Professor of Chemical Engineering, Massachusetts Institute of Technology 


I. Educational Objectives of the 
Undergraduate Thesis 


The senior thesis has been an important 
requirement of M.I.T.’s undergraduate 
program for a great many years. Until 
October of 1943, the thesis was prerequi- 
site to receipt of the Bachelor’s degree in 
all fields of specialization; during the lat- 
ter war-years, however, when a large per- 
centage of the student body was in uni- 
form and being trained for technical re- 
sponsibilities in the military services, the 
Faculty voted to permit substitution of 
professional fourth-year subjects for the 
thesis. This regulation remained in effect 
after the end of the war, and fell under 
the scrutiny of the Educational Survey 
Committee during their deliberations in 
1948-1949. The Faculty Committee on 
Undergraduate Policy, which came into 
being soon after completion of the work 
of the Educational Survey Committee, 
deliberated on this issue, and in March, 
1951, reported to the Faculty that it 
favored a return to the thesis requirement. 
Only recently was this recommendation 
brought up before the Faculty for action; 
in February, 1952, it was voted to reinsti- 
tute the thesis as a formal requirement for 
the Bachelor’s degree. During the eight- 
year period from 1943-1951, many de- 
partments (including Chemical Engineer- 
ing) rigorously adhered to the thesis re- 
quirement, whereas others freely author- 
ized course-substitutions. The records 
show that only about 62% of June, 1950, 
and June, 1951, graduates submitted the- 
ses, although the non-thesis graduates were 
largely confined to those (relatively few) 


go 


departments whose administration believe; 
the interests of the students to be better 
served by course-substitutions. 

In presenting its motion before the 
Faculty, the Undergraduate Policy Com. 
mittee implemented its recommendation 
by enumerating what it considered to be 
the major educational objectives of the 
undergraduate thesis: 

“The senior project or thesis should pro- 
vide the participating student an oppor- 
tunity to: 


1) Deal with a problem of some sig. 
nificance and be responsible for making 
decisions concerning it. Formulation of 
the problem to be undertaken and the de- 
vising of methods of attack should be in- 
volved. 

2) Gain experience in seeking out in- 
formation pertinent to the project. 

3) Discipline himself to plan the use of 
time and facilities. 

4) Integrate the various subjects of 
study and other prior experiences; 0- 
ordinate and consolidate activities which 
may cross the boundaries of two or more 
professional fields of endeavor. 

5) Get experience in the formal presen- 
tation of results including a carefully pre- 
pared written report. 

6) Meet with staff members on an in- 
dividual basis at a professional level. 

7) Develop further his creative tal- 
ents.” 


The committee also delineated the scope 
of the thesis to be “a comprehensive prob- 
lem, involving not less than 9 credit units, 
which requires initiative, creative thought, 


Journat or ENGINEERING EpucaTION, Oct., 195? 





lieved 
etter 


» the 
Con. 
ation 
to he 
* the 


pro- 
)por- 


sig- 
king 


n of 


UNDERGRADUATE THESIS IN CHEMICAL ENGINEERING os 


responsible decision and action for suc- 
wessful progress towards a solution.” An 
individual problem was believed prefer- 
able, although group-projects were rec- 
ognized as desirable in certain cases if the 
individual participants could be separately 
evaluated. A thesis might involve one or 
wore of the following kinds of endeavor: 
(1) laboratory research, (2) design, (3) 
library research, (4) field investigation, 
(5) theoretical investigation, and (6) any 
other effort demanding responsibile in- 
dividual student-contribution. An under- 
graduate thesis need not constitute an 
original contribution to knowledge, the 
committee believed, as long as it demanded 
creative thinking on the part of the stu- 
dent. 

In Chemical Engineering at M.I.T., the 
above-mentioned objectives and scope of 
the undergraduate thesis have for so long 
dominated the educational philosophy of 
the department that it is difficult for most 
of us to see the necessity for their restate- 
ment. In essence, the guiding principle 


behind Chemical Engineering education, 


as established by W. H. Walker and W. 
K. Lewis, has been to prepare students to 
faee new and unfamiliar situations with 
professional competence; the thesis, there- 
fore, is but a continuation of a principle 
to which the undergraduate has been ex- 
posed since his first contact with Chemical 
Engineering as a field of specialization. 
As a consequence of this early training, 
the Chemical Engineering undergraduate 
is, we believe, peculiarly well adapted to 
undertaking an original project of more 
than minimal scope. The average student, 
therefore, tackles a thesis with neither 
apathy nor trepidation; the superior stu- 
dent looks forward to it with considerable 
anticipation, as a culmination and final 
test of his professional training. In re- 
sponse to this attitude, the department 
faculty tends to set higher-than- average 
standards of performance on thesis re- 
search, and to offer other-than-routine 
problems for undergraduate investigation. 
Due to this highly critical attitude of stu- 
dent and staff alike toward thesis research, 
one finds that an excellent undergraduate 


thesis is one of the most reliable indica- 
tions of a man’s technical achievement 
and professional promise. 


II. Administration and Direction of the 
Undergraduate Thesis Program 


While initiative and originality are of 
prime importance in the student’s pursuit 
of his thesis objective, each man is ex- 
pected to adhere to a clearly defined pro- 
cedure and schedule which experience has 
shown to encourage orderliness in work-a- 
day performance and a modicum of uni- 
formity of final product. In recent years, 
the Department has established a Thesis 
Committee, under the direction of a fae- 
ulty member, and staffed by instructors 
and teaching assistants, whose functions 
are to disseminate standardized procedural 
information to thesis men, to handle rou- 
tine administrative work (registration, at- 
tendance, ete.), and in many other ways to 
relieve the faculty thesis supervisors of 
routine tasks in order that they may con- 
centrate on the technical problems relating 
to the students’ thesis projects. The The- 
sis Committee has been a boon to both stu- 
dents and faculty, and has done much to 
prevent the chaos that might be antic- 
ipated with as many as a hundred students 
carrying on thesis projects simultaneously. 

The M.I.T. Chemical Engineering 8.B. 
candidate is expected to spend 15 credit 
hours (about 15% of his time) on a thesis 
in his senior year. Except in unusual cir- 
cumstances, this time is spread over the 
two semesters, three hours being spent 
during the first and the remainder during 
the second. The first semester’s work is 
devoted to the selection of a subject, liter- 
ature survey, preparation of a time-sched- 
ule for the second semester’s research pro- 
gram, and the writing and submission of 
a preliminary report. During the second 
semester, therefore, the student carries out 
his proposed program and prepares his 
final report. 

In most instances, the first-term senior 
selects his thesis subject from a very ex- 
tensive list of topies prepared each semes- 
ter by the individual faculty members and 
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bound in booklet form for distribution by 
the Thesis Committee. Before making a 
final decision, a student discusses those 
subjects in which he is interested with the 
appropriate faculty members. Normally, 
selection of a topic is completed within the 
first two weeks of the semester. In some 
cases, a student may have particular in- 
terest in a project which is not included in 
the above list; it is then the responsibility 
of the student to find a faculty member in- 
terested in that specific field, and to “sell” 
him on the importance and soundness of 
his proposed program. 

Before embarking on his individual 
project, the student is expected to read 
and study carefully the Thesis Manual. 
This Manual is the product of many years 
of effort on the part of the Department 
Staff, and is based to a great extent on 
experiences in project organization and 
report-writing gained at the field stations 
of the School of Chemical Engineering 
Practice. The manual outlines the format 
and deseribes the functions of various 
types of technical reports; offers a guide 
to the use of the scientific and engineering 
literature; and presents the philosophy 
and objectives of both oral and written 
technical dissertations. It is the concerted 
opinion of the Staff that the Thesis Man- 
ual is an effective instrument for establish- 
ing high performance standards and a uni- 
form basis for student-evaluation. 

Throughout his entire senior year, the 
student is essentially on his own regarding 
the organization and method of attack 
of his thesis problem. He is, however, 
obliged to submit brief, periodic progress 
reports, to adhere to prescribed deadlines 
in submission of his preliminary and final 
reports, and to attend weekly thesis sem- 
inars. Procurement of standard items of 
laboratory equipment is handled on a 
strict sign-out basis, the student being 
fully and individually responsible for such 
equipment issued to him. For the con- 
struction of special apparatus, the student 
may avail himself of the excellent facilities 
of the Department shop. After obtaining 
approval of his equipment design (seldom 
without major revisions arising out of con- 
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ferences with the shop instructo 
proceed to build his apparatus 
watchful eyes of the permanent shop per. 
sonnel. In many instances, education ; " 
the operation of machine tools an jy 
establishing rapport with a skilled |) 
force are among the most valuable experi 
ences of a student’s undergradu: ite career 

The thesis student is encouraged 4, 
maintain personal contact with his facy|; y 
supervisor (particularly during the orice, 
tative phases of his program), although he * 
is under no compulsion to do so. The 
supervisor normally does not exert direc. 
tive pressure upon the student regarding 
his research plans, but acts in a purely ad. 
visory capacity. Conferences of this son 
present an excellent opportunity for the 
supervisor to.appraise the resourcefulness, 
initiative, and articulateness of the sty. 
dent, and play a large part in determining 
the final thesis grade. 


r), he can 


Unter the 


0r 


III. Written Work 


As has been mentioned above, each stu. 
dent prepares a preliminary report and 
weekly informal progress memos, as well 
as the final thesis. The preliminary re. 
port (submitted and graded at the end of 
the first semester) contains the results of 
library research presented as_ historical 
background of the project, a description 
of proposed procedure to be employed in 
the experimental program, and the in- 
tended methods of interpreting data and 
correlating results, a time-schedule, and 
bibliography. In most instances, the liter- 
ature survey and introduction presented 
in the preliminary report can be incor- 
porated into the final thesis with but 
minor revision. 

Weekly progress memos consist merely 
of copies of laboratory data sheets, an- 
notated bibliographies, ete., to which are 
attached single-page summaries of the 
week’s accomplishments. These reports 
serve as a guide to the thesis supervisor 
regarding the student’s ability to cope with 
research problems, and as well, serve as 4 
measure of student effort. 

The final written thesis is due (by In- 
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stitute regulation) one week before the 
end of the spring term. The time spent 
in preparing this report varies greatly, de- 
pending upon the student’s ability to ad- 
here to his proposed schedule, and upon 
the importance he attaches to elarity and 
continuity of written expression. © 

It is all too difficult to convince the 
gverage engineering undergraduate that 
evidence of care and thought in the prep- 
gration of reports plays a major role in 
the evaluation of technical competence. 
The thesis supervisor, therefore, has an 
obligation to drive this point home to his 
students; he must encourage them to be- 


gin writing early to self-criticize and re-. 


vise, to seek the criticism of others, and 
revise again. This process, unpleasant as 
it may appear to the senior, inevitably 
pays dividends to the man who submits to 
it, in terms both of thesis-quality and 
ultimate professional achievement. 


IV. Oral Reports 


Weak as is the average undergraduate’s 
capacity for handling the written work, 
his ability for articulate oral expression is 
even less fully developed. An important 
aspect of the undergraduate thesis pro- 
gram is participation in faculty-supervised 
seminars. Groups of ten to twelve stu- 
dents meet weekly during the latter half 
of each semester of the senior year with 
a faculty member; twice during the year 
each student is required to present to his 
colleagues a formal report on the progress 
of his thesis work. These talks are dis- 
cussed and criticized by the members of 
the group, from the point of view of both 
technical soundness and quality of presen- 
tation. During the early phases of the 
seminar program, before « standard of 
reference has been established, responsibil- 
ity for comment and criticism devolves 
mainly upon the faculty member present. 
It is not long, however, before the spirit 
and objectives of the seminar become evi- 
dent to the group as a whole, and student 
participation becomes vigorous and highly 
constructive. The opportunity of address- 
ing a group several times, and of giving 


and receiving frank and informal criti- 
cism, has proved to be remarkably effec- 
tive in the rapid development of skill in 
oral communication. 


V. Grading and Evaluation of the Thesis 


Undergraduate theses are evaluated by 
two agencies. An impartial faculty mem- 
ber reviews and grades it in terms of ap- 
parent technical soundness and “salesman- 
ship” in presentation. The thesis super- 
visor evaluates not only the report, but 
also its author, and his overall treatment 
of his project. The final grade is awarded 
on the basis of the concerted judgment of 
faculty reviewer and supervisor. 

Failure to accomplish the ultimate goal 
of a thesis project is not a factor in stu- 
dent evaluation, unless such failure arises 
from negligence or ineptness on the part 
of the individual. As a matter of fact, 
relatively few undergraduates achieve 
their aims as set down in their preliminary 
project outlines. On the positive side, 
successful completion of a project is an 
indication, not necessarily of a high degree 
of scientific or engineering ability, but 
more often of soundness in judgment of 
the limitations of time and experience. 


VI. Some Non-Academic Justifications 
for the Undergraduate Thesis 


Beyond the essentially pedagogical ob- 
jectives of the undergraduate thesis cited 
earlier in this discussion, there appear to 
be a number of consequences of thesis par- 
ticipation which have considerable impact 
upon the attitude of the student and the 
development of the post-collegiate career. 
The first of these is the matter of profes- 
sional interest. The field of chemical en- 
gineering has become so expansive that it 
is impossible, in the brief span of four 
years, to give a student in the classroom 
more than the fundamentals and basic tools 
of the profession, and an opportunity to 
apply these fundamentals to more than a 
few industrial processes. The undergrad- 
uate thesis has thus become an instrument 
by which a student can examine in detail 
an important and unfamiliar phase of 
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chemical engineering; such an endeavor 
cannot fail to stimulate new interests, and 
to assist in selecting a job in an area of 
the field best suited to his talents and 
temperament. In interviewing seniors for 
positions, personnel men frequently use 
the thesis subject as a guide to the stu- 
dent’s general interest in research or de- 
velopment work, and as an object for dis- 
cussion during the interview. The enthu- 
siasm and authoritativeness with which a 
man describes and comments upon his the- 
sis problem is often accepted to be a good 
measure of his ability to handle new prob- 
lems in the industrial frame. 

Another important consequence of the 
thesis is the opportunity presented to the 
faculty supervisor to make a sound per- 
sonal evaluation of the student. In writ- 
ing a letter of recommendation regarding 
a student, or in replying to an inquiry 
about his capabilities, a staff member may 
justifiably be reluctant to express his 
frank opinion about a man with whom 
contact has been limited to the classroom. 
The thesis supervisor, however, develops 
a much clearer picture of the student’s 
characteristics, and can comment intelli- 
gently, not only upon a man’s intellectual 


In the 


Dr. Ralph A. Morgen, director of the 
Engineering and Industrial Experiment 
Station of the University of Florida, has 
been appointed to the staff of the Division 
of Mathematical, Physical and Engineer- 
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capacities, but as well upon his indysty, 
ousness, initiative, resourcefulness, 4), 


ang 


personality. If, indeed, an accurate ,., 
praisal of an individual contributes to «, 
proper direction and molding of his pn 
fessional career, then this aspect of sy 
thesis program may be an important ¢; 


tribution to a student’s ultimate suecess. 
In summary, this discussion has 
tempted (1) to outline the M.L.T. Chemin 
Engineering Department’s convictions yy. 
garding the educational value of the yp. 
dergraduate thesis, (2) to describe the oy. 
ganization of the thesis program, and 
to mention a few non-academic virtues o; 
participation in formal thesis work at the 
undergraduate level. The conclusion js 
nearly inescapable that, for the develop. 
ment of mental and physical coordination, 
sound engineering judgment, and a power 
for coping with technical problems, the 
thesis far surpasses in value any class. 
room subject involving a comparable tim 
expenditure. In Chemical Engineering, 
perhaps to a greater extent than in other 
scientific and engineering fields, the thesis 
must be considered an indispensable part 
of, and in a sense the consummation of, 
the undergraduate educational program 


News 


ing Sciences of the National Science 
Foundation. Dr. Morgen began his new 
duties on June 1, 1952. He is in charge 
of the Foundation’s research support pro- 
gram in the engineering sciences. 
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Engineering Problems in the Utilization 


of Atomic Energy 


By W. E. KELLEY 


Manager, N. Y. Operations Office, Atomic Energy Commission 


I am not a teacher of engineering—at 
least not in the formal sense—but for 


| sight and a half years of the twenty years 


since my graduation as a civil engineer, 
my work has been in the utilization of 
atomic energy. By the normal limits of 
the “grandfather clause” that entitles me 
to speak on the subject of atomic engi- 
neering. Whereas we speak of using 
nuclear energy, our problems result from 
the behavior of the atom as an entity. 
We can’t blame the nucleus, the protons, 
the neutrons, or any part—we are con- 
cerned with the whole. We are concerned 
with the radioactivity of a material, its 
physical and chemical characteristics, its 
possible toxicity, its use as a material of 
construction, its dust particle size. 

This brings us to a fact that you as 
educators are facing: our problems in 
utilizing nuclear energy cut straight across 
the lines of conventional training. We 
use a specialist and we need him, but the 
big contributions come from men with 
solid foundation training who have under- 
standing of related fields. 

You may have noticed that in the make- 
up of the afternoon session the conven- 
tional headings of Electrical Engineering, 
Civil Engineering, Mechanical Engineer- 
ing, Chemieal Engineering are missing. 
We don’t think that way in our business. 
We have a problem—it will be solved by 
teamwork and fundamental knowledge 
drawn from all fields. As a member of 
the parent group, a civil engineer, I see 
a possible return to the days when an 
engineer was trained in science, before 
“engineering” was broken into pieces for 


se 





specialists. Naturally, we will need spe- 
cialists, but perhaps that is for the grad- 
uate student. I would like to have a few 
men in my group who have been given 
four years training in science and its rela- 
tion to engineering problems; they would 
be our project leaders of tomorrow. 

The other day Dr. J. R. Oppenheimer, 
one of the world’s great physicists, told 
your ASEE national steering committee 
on atomic energy that he would like to see 
a few oustanding young engineers spend 
one or two years on basic science prob- 
lems. Here is proof of our judgment—a 
physicist wants engineers to be trained as 
scientists; I want scientists trained as 
engineers. What we both want is a man 
with two heads—one head trained as a 
scientist, and the other head trained as an 
engineer. The nearer we get to that ideal, 
the more the graduating product will con- 
tribute to atomie energy development. 


Need Men with Ideas 


You will hear this afternoon of some 
of the major engineering problems facing 
us in the development of atomie science, 
and you will see that although we talk of 
problems we are really talking of our need 
for men with ideas! 

We now have 65,000 people working 
directly on the development of atomic 
science and the production of our mate- 
rials and devices. Of those, 6445 are engi- 
neers used as engineers. We need more, 
as you can see by reading the want ads. 
Our contractors—duPont, Westinghouse, 
General Electric, Western Electric, Car- 
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bide and Carbon—all need men with ideas, 
the kinds of ideas that stem from good 
training in fundamentals. 

In our business, the big contributions 
come from knowledge of the basie be- 
havior of matter and materials, not from 
a superficial knowledge of fundamentals 
buried under a veneer of modern gadgetry. 
The engineer with a knowledge of items 
in the catalogue has a minor role in our 
work. He is supervised by an engineer 
who knows well the fundamentals that are 
now but briefly covered in the conven- 
tional engineers’ undergraduate “college 
physics” course. 

As civil and mechanical engineers we 
find that our detailed knowledge of the 
behavior of steel is interesting, but not 
very helpful if our new structure is to be 
built of beryllium or zirconium or some 
other exotic material. We become of 
more use than the catalogue engineer if 
we can plan intelligently a program of 
research and development that will ex- 
pedite our training in the use of the new 
material in question. 

A man trained in designing water 
pumps may or may not be of use to us in 
designing a pump for liquid sodium or 
elemental fluorine. If he really under- 
stands fundamentals, he can help us. 


Problems That Face Us 


Without encroaching on the afternoon’s 
program, here are a few interesting prob- 
lems that face us. They’re problems—not 
problems in Mechanical, Electrical, or 
Chemical Engineering. 

In our business there is a lot to learn 
about the design of processes in which the 
volume of off gases, waste liquids and 
sludges is kept to a minimum. Every 
eubic foot per minute of waste gas may 
require $5 initial investment for air clean- 
ing equipment. The problem is ecom- 


pounded by the difficulty of maintaining 
the air cleaning equipment and the dis- 
posal of removed particulate matter, some- 
times toxic and usually radioactive. 

Batch processing of hazardous mate- 


rials should be replaced wherever yy 
by continuous processing which inheroy), 
lends itself to hazard control. The pro... 
that “can’t” be made continuoys ina a 
hasn’t had enough engineering. ~ 
We must learn more about the remoy; 
of trace amounts of radioactive materials 
from liquid effluents, because of he's 
reasons and because of the value of oy: E 
products. ti 
Portable radiation detection instrymen. t 
are now well into the production phase. al 
but they are not sufficiently versatile: the 
are too expensive and too delicate. The ti 
need engineering! Qu 
The mechanies by which radioactiy ¢ 
ground contamination is transported jys t 
be better understood, both as regards y 
tical and horizontal transport. The phe 
nomena associated with the adsorption of ( 
trace materials on soils must be put int F 
quantitative form. 
A whole complex of engineering tasks 
will be encountered in the operation of 
nuclear energized aircraft. In_ outlin 
it’s simple; a nuclear unit will power a | 
aircraft engine. But, let’s consider th 
matter, excluding the purely nuclear part 
of the design of the power reactor. (or 
siderable weight and volume of shielding 
will be required on the aircraft and 
service buildings on the ground; remot 
handling equipment will be required; spe 
cial equipment to move shield doors wi 
be needed. The design of the aircraft it- 
self will be a new aeronautical engineer. 
ing problem when the weight-to-lift ratv 
is considered. The heat exchanger equip- 
ment will involve materials which are 
radioactive or which are exposed to radio- 
activity. All in all, here is a fertile field 
for imaginative engineering. 


PTOCEss tel 
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New Engineering Designs Required 


In the industrial utilization of the radio- 
active properties of fission products new 
engineering designs will be required. New 
remote handling equipment and master- 
slave servo mechanisms will be needed. 
Television will be economically employed. 
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Dossi} \etallurgical problems are numerous. 
The operation of nuclear reactors at high 
Th 


We need the help of competent engi- 
neers who are on the staffs of engineering 


lPPrens), 
eee 





Process temperature will require new metals and schools and interested in research. It is 
IS just wramics. Radiation in nuclear powered my opinion that more engineers should 

oguipment ean induce changes in mate- maintain contact with research men to 
emoy: vials. A material used in a reactor strue- sharpen their appreciation of new dis- 


terials ture may either change into something else 
healt} or have radieally different characteristics. 
of our Flectrieal and thermal resistivities, elonga- 
‘ions, corrosion properties, and structural 
abilities are a few of the properties 
Phase, affected. 
the Monitoring and investigating the radia- 
They ‘jon associated with machines used in 
nudear operations requires specialized 
electronie equipment to measure short 
: time intervals (perhaps a hundredth of 
S ver , millionth of a second) or to differentiate 
phe energy pulses initiated by different types 
on of of radiation. Equipment must be de- 
t inte signed to do all these things and to operate 
with high sensitivity and with good stabil- 


coveries and to help translate the new 
things into parts of our everday life. 

The Atomic Energy Commission assists 
in maintaining this contact by supporting 
work such as the Oak Ridge Institute of 
Nuclear Studies summer symposium on 
nuclear engineering education. During 
the last part of August and first week in 
September, within the limitations of hous- 
ing available, they will weleome engineers 
interested in learning about our business. 
The only expenses will be those of self- 
support, with no charge for the training. 
This is only one example of engineering 
training having AEC support. 





tasks ity. 

mn. of The design and construction of ma- Statistics 

Wn ines such as the Brookhaven cosmotron I have some statistics on engineering 
+ a requires, besides a high amperage pulsed employment on our program that may in- 
the voltage, which is accurately controlled, the terest you, They bear out my thesis that 
par fabricati ghnut- ) te & was, : : . 
f ibrieation of a dougl nut sha] ed metal there is no such thing as an atomie engi- 
on vacuum chamber about 75 feet in diameter 


neer. These figures are as of Jan. 1, 1951 
and have since inereased considerably. 
These men are engineers employed as 
engineers : 





ding with apparently opposing requirements: 


(a) thin walls, but with high mechan- 
ieal strength, which disturb as little as 


wil possible the magnetic flux pattern. a iad 

tit. (b) low operating pressure (5 X 10-° ae Civil 

ain um. Hg or less) but as large a volume as 15 — 

ati possible in the horizontal and vertical 160 Safety 

up magnet aperture. 15 Marine Engineers and Naval Archi- 
are In the less glamorous but highly im- tects 


. 5 S6 i y i »E 
portant field of mining we need engineer- GO Sanitary and Futile Health 


1] : ata A : 350 Structural and Architectural 
eld ing help. Diamond drilling is used in S00 Dutuctied and ibielinetinn 
nding most of our deposits. Drilling 4939 (Chemical and Ceramics 
costs are rising, and we would like toknow 4540 Electrical and Radio 
how to drill better holes, cheaper and 1770 Mechanical 
faster—and where to drill them! ! 100 Heating and Ventilating 
- As you ean see from these few examples 40 Refrigeration and Air Conditioning 
” I have selected our problems cut across 105 Automotive 
OW ‘ : : . 25 Aeronautical 
almost all engineering fields. Their solu- 105 aay : 
vr ; : : : 5 Mining and Metallurgical 
: tions depend on getting well-trained engi- 8 Petroleum and Geological 
a. neers with good backgrounds of science to 440 Engineers (Listing more than one 


work on them. 


major field) 
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This should dispel the idea that there is 
but small place in atomic energy work for 
the man without training in nuclear sci- 
ence. Today, the converse is true. Op- 
portunities exist in the normal specialties 
—with top positions open to the man who 
can straddle more than one field. 


It is you—the engineering edycaton 
who must see to it that gra, isis 
equipped to exploit knowledge of 4), he: 
just as engineers before them }iay, Bo 
into useful shape the other seek 
coveries of science. 


College Notes 


The Department of Meteorology of 
New York University’s College of Engi- 
neering has been redesignated the Depart- 
ment of Meteorology and Oceanography. 
Formal curricula leading to the master’s 
and doctor’s degrees became effective at 
the opening of the academic year in Sep- 
tember. 


Laurens Troost, whose achievements as 
a naval architect in The Netherlands have 
won him international recognition, will be- 
come professor and head of the Depart- 
ment of Naval Architecture and Marine 
Engineering at the Massachusetts In- 
stitute of Technology this autumn. 


Jesse W. Mason, Dean of Engineering 
at the Georgia Institute of Technology, 
was granted a year’s leave-of-absence ef- 
fective September 1, 1952, in order to par- 
ticipate in the Educator in Industry Pro- 
gram of the E. I. du Pont de Nemours & 
Co., Wilmington, Del. Dr. Mason was one 
of the first educators to be selected by E. I. 
du Pont de Nemours & Co. for this new 
program of cooperative exchange of edu- 
cators with that industry, and was chosen 
because of his outstanding reputation in 
the field of chemical engineering. 


Dean William C. White, Director of 
the Day Colleges at Northeastern Uni- 


versity, has been named Vice Presiden: 
of the University. He will assume his ney 
duties on January 1, 1953. 
Northeastern in 1926 as an instructor, Dy 
White rose in the academie ranks serving 
as assistant professor, associate professor, 
Dean of Engineering, and Director of the 
Day Colleges. He is at present Vice Pres 
ident in charge of instructional division g¢ 
tivities of the American Society for Eng 
neering Education. 


Starting at 


Elmer R. Queer, professor of engineer 
ing research and assistant director of the 
Engineering Experiment Station at ti 
Pennsylvania State College, has been ap 
pointed director of the department of en 
gineering research and Paul Ebaugh, pro 
fessor of engineering research, has been 
named assistant director of the depart. 
ment. In announcing the appointments, 
Dr. Milton S. Eisenhower, president of the 
College, explained that the Trustees ha 
also approved the changing of the nani 
of the Engineering Experiment Station | 
the department of engineering researc! 
The new name, Dr. Erie A. Walker, deau 
of the School of Engineering and Vice 
President, A.S.E.E., explains, more clear! 
conveys the research and development 
functions of the department while the tern 
“Experiment Station,” 
dicated a test station. The department to 
day does little testing. 





Aeronautical Engineers, 1952 Supply 
and Demand 


By K. D. WOOD 


Professor and Head, Aeronautical Engineering Department, University of Colorado 


Summary It is suggested that a scholarship pro- 
gram sponsored by the Air Foree, Navy, 
and/or the Aircraft Industry is essential 
to the national defense if engineering 
education is to be kept on a voluntary 
basis. 


The following article presents what is 
believed to be an accurate estimate, based 
' on current questionnaires, of the supply 
of aeronautical engineering graduates in 
1952 and the corresponding demand by 
the aircraft industry and supporting 
civilian laboratories. 

In brief, the study shows that the de- The simple questionnaire shown in Fig. 
mand exceeds the supply by a factor of 1 was sent to fifty schools giving degrees 
about three. It also shows that the short- in aeronautical engineering (or aeronaut- 
age will get worse for at least three years. ical options in mechanical engineering) in 


Procedure for Survey of Schools 


AERONAUTICAL ENGINEERING ENROLLMENT SURVEY 
FEBRUARY 1952 
Estimated 
No. in 
R.0.T.C. 


Graduates in calendar year 1951: 


1.S.. 
Expected graduates in calendar year 1952: MSS... 


Possible graduates in calendar year 1953 (Junior students now enrolled):... 
Possible graduates in calendar year 1954 (Soph. students now enrolled): . 
Possible graduates in calendar year 1955 (Fresh. students now enrolled): 
What R.O.T.C. 
Signed, Army 
AcP..... 


Navy.... 


( ) Check here if you wish identity For the Dept. Head or Chairman, 
of institution not revealed Aeronautical Engineering or 
except in statistical summary. Prof. in Charge of Aeronautics. 
a... (Institution ) 
wcesseseveeeeeee (Address) 


. 1. Questionnaire sent out. 
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TABLE 1 


AERONAUTICAL ENGINEERING ENROLLMEN 








Students reported, class of 





Code No. Basis 7 
53. | 
52 17 

1 13 
52 I 21 

0 ] : 3} Ile 

52 ¢ 18 
52 ‘ 5 
52 7 
52 3: 25 
52 ‘ 26 
52 
52 
1 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 


CONRAN 








1 
52 
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52 
52 
52 
52 
52 

1 
52 


0 
52 
1 
52 
52 f 
1 I se 6e 
1 18 l6e 
52 ] 4 1 
52 18 j ( 13 10 
1 15 > 12e 5e 











Totals 1052 | 850 | 765 | 899 626 | 492 | 369 | 459 
Probable Av. Grads 21 17 14 14 | 
Abbreviations—Basis: 52, 1, 0—Questionnaire returned, spring of 1952, 51, 50 respectively 
Org.: D = separate dept., M = optionin ME. Data: e = estimated. 
































AERONAUTICAL ENGINEERS, 


‘, The list of schools 
ares is intended to be comprehensive, 
n that it ineludes ALL schools in the U.S. 
accredited in any branch of engineering 
| which give such instruction whether or not 
they are accredited in aeronautical engi- 
neering. The totals of the list, therefore, 
represent nearly the total supply of aero- 
nautical engineering manpower available 
in the United States (some technical in- 
stitute trainees are also available). 
Replies were received this spring from 
“3c, of the schools solicited, the remain- 
ing figures having been estimated from a 
similar survey last year. A summary of 
the results is presented in Table 1 and the 
school identification, where authorized by 
| the person replying, is given in Table 2. 
' 4 summary of the results was sent to each 
participating school about March 11, 


1952. 


February of 1952. 


Procedure for Survey of Demand 


Demand was estimated by interviewing 
the company interviewers who visited the 
University of Colorado in 1952 prior to 
April 15, and multiplying the stated em- 
ployment goal of each company by the 
ratio of the published (1) total industrial 
back-log to the back-log of the companies 
interviewed. For example, the employ- 
ment goal of six large manufacturers 
which hold 47% of the national back-log 
is 2300 additions to their engineering em- 
ployment. If these companies are typical, 
the national goal of the aireraft manufac- 
turers for 1952 is 5000. Preliminary fig- 
ures sent out March 11 to the participat- 


1952 SUPPLY AND DEMAND Iol 
ing schools, and based on a smaller sample, 
yielded an estimate of 6000 for 1952 and 
a possible relaxation of demand if these 
goals were obtained. The figure 5000 is 
based on a larger sample. Government 
Laboratory figures are more difficult to 
estimate, but using figures given in Ref. 
1, p. 49 on total employment of engineers 
in government laboratories and assuming 
that their ratio of demand to employment 
is at least as great as in the industry (it 
is believed to be greater), the demand in 
government laboratories is estimated at 
2000. It is thus evident that the aircraft 
industry and supporting government lab- 
oratories would hire 7000 engineers this 
year if they could. Of these 7000, about 
27% (a figure supplied by Prof. F. S. 
Eastman, University of Washington) or 
2000 would be B.S. Aero. E. graduates 
if available. 


Discussion of Results 


Fig. 2 is a plot showing the number of 
students in each class at each of the 
schools surveyed in the spring of 1952 
with median and average figures given for 
the total number of students now enrolled. 
The probable average civilian graduating 
class for the next 3 years, based on a con- 
servative attrition rate of 10% per year, 
is also shown. This picture represents a 
continuation of a downward trend in en- 
gineering graduates which has_ existed 
since 1950. One explanation is the small 
birth rate 20 years before, but this is a 
relatively minor factor. Another is the 
running out of the “G. I. Bill” for college 


TABLE 2 


ScHoo. IDENTIFICATION, WHERE AUTHORIZED 


15. 
16. 
Ye 
19. 
25. 
31. 
33. 
34. U. 
36. 
37. 


Ala. Poly., Auburn 

J. of Ala., University 

J. of Calif., Berkeley 

J. of South. Calif., L.A. 
. U. of Colo., Boulder 

. Georgia Tech., Atlanta 
10. Ind. Tech., Ft. Wayne 
12. Notre Dame 

14. U. of Iowa, Iowa City 


Mass. Inst. 


l. 
2. 
3. 
4. 
5 


U. of Tulsa 


U. of Kansas, Lawrence 


U. of Wichita 


U. of Michigan 

N. C. State, Raleigh 
Syracuse U. 

Case Inst., Cleveland 
of Cincinnati 

U. of Okla., 


38. Oregon State Col. 
. Drexel Inst., Phila. 
. Penn. State Col. 
. U. of Texas, Austin 
3. Texas A. & M. 
. Utah A. & M., Logan 
. U. of Utah, Salt Lake 
. Va. Poly., Blacksburg 
9. U. of Wash., Seattle 
. U. of W. Va. 


Tech. 


Norman 
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students. It is also possible that the large 
number of boys who have enlisted in the 
armed services recently may be partly in 
anticipation of a post-Korea “G.I. Bill” 
as well as avoidance of the draft. 

A combined picture of supply and de- 
mand is shown in Fig. 3. The heaviest 
line labeled “present students” is the total 
from all schools replying and is consistent 
with the Aeronautical Engineering en- 
rollment figures in Ref. 2. The number of 
these who will probably graduate is also 
estimated and labeled “estimated graduate 
10% attrition.” The figure of 10% per 
year is conservative for normal times, the 
average of engineering schools over the 
United States being somewhat larger, but 
the lower figure is believed to be justified 
because of the unusual pressure on the 
students due to draft boards and other 
factors. 

The number of present students without 
R.O.T.C. commitments, based on the ques- 
tionnaires returned, is also shown in Fig. 
3; and if the same percentage of attrition 
is applied to the present students without 
R.O.T.C. commitments as to all students, 
the lowest line gives the estimated civilian 
graduates. The line in Fig. 3 labeled 
“probable supply” takes account of the 
possibility that 80% of the officers called 
to active duty will be released after two 
years service, in accordance with their 
present agreements. But it is, of course, 
within the authority of the military serv- 
ices to make such service either longer or 
shorter, depending upon the international 
situation. In any case, it is evident that 
not more than an average of 600 unobli- 
gated aeronautical engineering graduates 
per year can be obtained from present 
schools in the United States for the com- 
ing three years, or a total of less than 
2000 aeronautical engineers. The solution 
is not to transfer students from other 
branches to aeronautical engineering since 
the other branches are in similar short 
supply. 
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However, reference (2) shows tha: ¢. 
every aeronautical engineering etydon 
registered in E.C.P.D. accredited schoo) 
there are about 9 M.E.’s, 8 EBs, ana = 
C.E.’s (a total of 37 in all other branch 
of engineering). If or when industrial 


conditions become such that substantia) 
“conversion” of other engineering wind 
uates to aeronautical work becomes », 
sible, the shortage in the aeronautical fe\) 
may be fairly quickly eliminated. 


Concluding Remarks 


The question is raised as to whethor 
the large sums appropriated for airplay, 
development and construction can hay 
meaning in the light of the trend in “fre 
enterprise” education shown in Fig 
Can the money be spent if there are jp 
sufficient engineers to pay it to, for th 
purposes for which it was appropriated’ 

May not the answer to the shortage of 
engineering college students be a scholar. 
ship program, such as has been proposed 
by the National Science Foundation, by 
limited to aircraft and other critical & 
fense industries? 

May it not be true now, as it was ir 
World War II, that if the military sery- 
ices need greatly increased numbers of 
college trained officers, they will have to 
send them to college; and if they want im 
proved airplanes, tanks, and other compli- 
cated weapons, will they have to provid 
college training for the necessary civilian 
engineers as well as the military and naval 
officers? Funds already appropriated 
may be sufficient for such a training pro- 
gram if they can not be spent directly for 
engineering development work on account 
of the shortage of engineers. 
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An Estimate of the Success of the Five-Year 


Mineral Engineering Programs* 


By WILLIAM B, PLANK 
Head of Department of Mining and Metallurgical Engineering, Lafayette College 


In addition to the diversity in the titles 
¢ curricula in the United States Schools 

Mineral Engineering, there has de- 
veloped recently in a few schools a length- 
ening of the undergraduate program 
from the norm of four years instruction 
to five or more years for the first or 
bachelor degree (1). In the institutions 
involved the lengthened program has been 
applied to all engineering branches. 


History of the Five-Year Programs 


For a number of years, there have been 
cooperative undergraduate engineering 
courses of longer than four years in a 
few engineering schools. Perhaps the 
most noted is at the University of Cincin- 
nati which has the longest experience in 
this type of program, begun in 1906 under 
Dean Herman Schneider. The SPEE 
Board of Investigation and Coordination, 
in its 1923-29 report, lists eighteen such 
programs. 

Since 1903 at Harvard University, the 
first degree in mining or metallurgy has 
been obtainable only after a bachelor’s 
degree in the Arts College, and this same 
program was adopted at Stanford Uni- 
versity in 1925. 

At Columbia University, three years of 
study in the arts college are required be- 
fore entering the School of Mines and 
Engineering where two more years are 
required for the first engineering degree. 

*An address at American Society for 
Engineering Education, Mineral Engineer 
ing Division, East Lansing, Michigan, June 
26, 1951. 
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T. T. Read said of the results of these 
programs: 


‘*The Dean of Engineering at Harvard 
later characterized its policy of dropping 
the four-year engineering curricula as a 
‘costly mistake.’ The effect on mineral in- 
dustry registration does not seem to have 
been as immediately serious at Stanford as 
at Columbia, but eventually it was. At 
Columbia, the effeets were so severe on the 
whole engineering school that requirements 
were progressively so modified that an 
adequately prepared student can now obtain 
a B.S. degree in an engineering field in 
four years (the degree is Bachelor of Sci- 
ence) and the engineer degree in five. Even 
with this liberalization the mineral industry 
undergraduate registration has never re- 
covered from the blow dealt it, and the 
major interest of the mining and metal- 
lurgical department has become graduate 
work’? (2). 


Ohio State University instituted its 
five-year engineering programs in 1945, 
at the conclusion of which it is possible 
for some students to attain the Master of 
Science in addition to the Bachelor engi- 
neering degree. The 1951 class was the 
first to graduate under these programs. 

The University of Minnesota began its 
five-year program in 1946 which leads 
only to the Bachelor engineering degree. 

Cornell University first applied its five- 
year program to Engineering Physies in 
1946 and extended it to the other engi- 
neering branches, including Metallurgical 
Engineering, about 1948. The degree at- 
tained is Bachelor of Metallurgical Engi- 


neering. 
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The Three-Two Plan 


Another type of lengthened program 
for engineering education is that provided 
by an arrangement between engineering 
schools and certain liberal arts colleges 
known as the three-two plan. By this 
plan the student may obtain both an A.B. 
and a Bachelor of engineering degree 
after three years work at the arts college 
and two years at the engineering school. 

This plan has been in operation for 
several years at Carnegie Tech., M. I. T., 
and other institutions and has just re- 
cently been instituted at Columbia Uni- 
versity and Lafayette College. The plan 
is not the same, however, as the ones we 
are discussing here because there is in- 
volved the registration in two different 
colleges or universities which may be con- 
sidered similar to post-graduate work. 

This plan has much to be said in its 
favor and it should be the means of turn- 
ing many good men into engineering who 
would otherwise go into other professions. 


Objectives of Five-Year Programs 


[ am inclined to believe that the mo- 
tives and objectives for these longer 
programs have been mixed, but the one 
most often put forward is the desire on 
the part of the schools involved to broaden 
and enrich the engineer’s undergraduate 
education with so-called cultural subjects 
in order to make him a better citizen and, 
in a fuller sense, to enable him to become 
a better engineer. 

The SPEE Committee on “Aims and 
Scope of Engineering Curricula,” of 
which Dean H. P. Hammond was chair- 
man, in its report in the Journal of 
Engineering Education for March 1940, 
outlined its recommendations on _ this 
matter as follows: 


‘¢First—broadening of the base of engi- 
neering education, now in process, should be 
continued. Its roots should extend more 
deeply into the social sciences and human- 
ities as well as into the physical sciences 
in order to sustain a rounded educational 
growth which will continue into professional 
life. Two stems are thus implied in the 


undergraduate curriculum which 
designated as (1) the scientifie-toc, 
and (2) the humanistic-socia], 
these should be organized in ap - 
sequence of subject matter and 
designed to lead to definite edu 
jectives.’’ 


The Committee recommends, 
that the way to achieve these objective. 
is not to lengthen the program but rath 
to “require greater efficiency in the ysp »: 
the student’s time to be gained by pry. 
ing to the essentials of a sound eyes, 
tional program.” It concludes that “+, 
present flexible arrangement of four. 


vear 


undergraduate curricula followed by pos. 
graduate work will better meet the nec 
served by engineering education than wi 
longer undergraduate curricula of yy. 
formly prescribed duration.” 

William E. Wickenden in his Seco, 
Mile, that superb dissertation on the phi- 
losophy of the profession of engineer. 
ing, made the following comments on thy 
question of required longer training for 
engineers : 


“‘The proposal to compel all engi 
students to remain six years or more in 
college in order to complete combined courses 
in liberal arts and in engineering is att: 
tive in theory but unworkable in pract 
Some young men should do so, but 
majority will not. Those who do ar 1 
to find that the advantage gained comes quit 
as much, or even more, from sharing ¢! 
life and spirit of two divisions of education 
with differing ideals and traditions, as from 
a more extended range of studies. The ad 
vantage of breadth, so gained, must 
weighed against the depth which might r 
sult from devoting the same length of tim 
to a combination of undergraduate 
post-graduate training. No combined pi 
gram in arts and engineering requiring mor 
than four years can be made compulsory 
the face of the demands of industry, the « 
tractive terms offered to four-year graduates, 
and the wide range of engineering respo! 
sibility; nor is it likely to sueceed so long as 
the typical student engineer, as graduation 
approaches, shows so unmistakably that he i 
fed up for a time with formal teaching and 
study and craves action and experience. 
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‘Much has happened in late years to 
strengthen the belief that possibilities in the 
mile of voluntary advancement are more 
F hopeful than any lengthened mile of com- 
oulsory discipline. Growth in post-graduate 
enrollments in engineering colleges in the 
re-war years was especially impressive, 
with the ratio of master’s to bachelor’s 
iegree rising above one to ten and that of 
doctorates nearing one to a hundred. What 
was particularly noteworthy was that so 
many of these advanced students were pursu- 
ing interests and needs which they had dis- 
 overed for themselves in their early pro- 
fessional experience, rather than a further 
jiscipline—however ideal—which others had 
> imposed upon them’’ (3). 


Dugald C. Jackson, who reviewed the 
trends in engineering education in 1939, 
concurs with Dr. Wickenden in this matter 
as follows: 


‘(One solution which has been proposed, 
that of a general lengthening of the under 
graduate period by one year or more, is not 

adequate because the most competent and 
ambitious students wish to pursue graduate 
work and many who are not restrained by 
personal obligations succeed in doing so. 
This trend toward graduate study has been 
encouraged by the engineering schools and 
is worthy of such encouragement. Such 
young men as suitably follow the trend will, 
by their individual efforts, fill any voids 
of humanistic studies which are without ap- 
plied content but which come into the 
category of desirable general knowledge. 
Curricula of extended undergraduate length 
would stop those students from securing the 
(for them) great advantages to be derived 
from graduate work; while those who can 
profit particularly by a lengthened under- 
graduate curriculum can now find a number 
of institutions meeting their situation. 
Other students may graduate in arts, with 
a suitable background of science, and there- 
after complete a sound undergraduate engi- 
neering course in two additional years; but 
this procedure now seems to command less 
favor than it did a few years ago’’ (4). 


Let us now examine the results of some 
of these programs and see how they have 
affected enrollment and the “Sales Value” 
of the graduates from them. 
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Effect on Enrollment 


First, it is found from my detailed 
enrollment data that the undergraduate 
enrollment in mineral engineering courses 
has fallen off in three of the five-year 
schools during the past two years, at a 
rate more than double the reduction in 
the total mineral engineering enrollment 
in the United States. At one institution, 
where the longer program has been in 
effect for more than thirty-five years, the 
undergraduate enrollment in mining and 
metallurgy in 1950-51 was just half what 
it was two years ago. During this same 
period, the undergraduate mineral engi- 
neering enrollment in the whole Country 
fell off twenty per cent. 

This means that although the total 
group of undergraduates during these two 
years has become smaller, largely because 
of the graduation of veterans, the stu- 
dents in these three schools are turning 
to the standard four-year programs rather 
than to the longer programs. 


Market Value of the Graduates 


An even more important measure of the 
five-year curricula is the estimate placed 
by employers on the product of the longer 
programs compared with that of the four- 
year curricula. 

One employer of engineers, himself a 
graduate from a four-year course at one 
of the institutions now following the five- 
year plan, has this to say about the plan: 


‘*There is an impression in the minds of 
some people that the students have been 
given this extra year for a purpose, and that 
they should be worth more than boys from 
schools with the four-year course. There 
is nothing tangible that we can see that 
would justify this conclusion. We are offer- 
ing the same pay to all men with bachelor 
degrees from all schools. 

‘‘Furthermore, these boys do not seem to 
be able to convince even themselves that they 
have obtained 25 per cent more value in 
their five-year course than if they had taken 
the usual four-year course. Unfortunately, 
it may be several years before they can 
evaluate the benefit, if any, from the extra 
year. 
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‘‘Even graduate courses in engineering 
are of less value to a man than if he were 
to enter Industry immediately, after a four- 
year B.S., and take a training course in the 
industry. 

‘*Just at this time, when we are feeling 
the effects of the misinformation from the 
Department of Labor over a year ago in 
regard to the oversupply of engineers, to- 
gether with the demands of Selective Service, 
Industry finds itself in a very critical condi- 
tion in so far as available manpower is 
concerned. 

‘*Industry offers training courses that are 
oftentimes much more thorough and worth- 
while in the early years of the graduate’s 
employment than is the extra school work 
given in the fields where a man’s future life 
is largely that of an individual in his chosen 
profession. Engineers obtain much better 
training in most companies by direct con- 
tact and mutual contribution in their de- 
velopment for the work ahead, than can 
possibly be given in the academic influence 
of the five-year course. 

**As to who is the better judge of prob- 
lems of this kind—I have found that any 
manufacturer is compelled to accept the 
judgment of the purchaser and user of his 
products rather than depend upon his sales 
and production departments for their opin- 
ions. I therefore think that those who 
employ the product of our engineering 
schools are more interested and better able 
to judge.’’ 

Conclusions 


1. In considering the present and fu- 
ture scarcity of engineers as well as the 
projected annual national demands for 
30,000, along with the smaller future en- 
rollments that will result from the changes 
in population ages, the indications seem to 
be that the longer educational programs 
will become even less popular in the im- 
mediate future than they now are. 
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2. An examination of the curries ; 
three of the schools involved reveals he, 
although the humanistic social sub jecie »,, 
broadened, much more time is devote, + 
technological subjects than in most four. 
year programs. 7 

3. The consensus of the ASEE author. 
ities quoted in this paper clearly indicates 
that four years would be long enough fo; 
a great majority of engineering students 
It would be better to stress post graduate 
work for the few who will eventually g 
into research, for example. . 

4. As another way of achieving the yer; 
laudable objectives of a lengthened edyea- 
tional program for engineers, especially 
for mineral engineers, I submit a proposal 
made twenty-two years ago to the AIME, 
This proposal was for some form of co. 
operation with industry whereby the four. 
year graduate could enter an approved 
industrial training course at the successful 
conclusion of which, with proper regula- 
tions, the engineering school might confer 
the professional engineering degree (5). 
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Mid-Winter Meeting of Engineering Drawing Division 


Time: January 29-31, 1953. 


Place: University of Nebraska, Lincoln, Nebraska. 


A three day session of technical programs and inspection trips which 
will include technical papers and panel discussions by teachers of engi- 
neering drawing and men from industry. Inspection trips will include 
the Elgin Watch Company and Boy’s Town. Detailed programs will be 
mailed to members of the Engineering Drawing Division. 





Developing a Combustion Laboratory 


By J. H. POTTER 


Professor of Mechanical Engineering, University of Illinois 


SUMMARY 


In mechanical engineering curricula, 
eombustion has received less attention 
than it merits. This is particularly true 
of the experimental phases of the subject. 

This paper reports upon a part of the 
development of a combustion laboratory 
at the University of Illinois. Six experi- 
ments are described in which such classic 
measurements as flame temperatures, 
fame velocities, and explosion pressures 
are made. 

Most of the test installations were made 
up of components usually available as 
physies laboratory apparatus. This made 
possible a fairly wide coverage at min- 
imum cost. 


I. INTRODUCTION 


Combustion has been either neglected or 
inadequately covered in most mechanical 
engineering curricula. In many courses, 
a brief review of combustion stoichiom- 
etry is followed by an equally short treat- 
ment of radiant heat transfer, and then 
attention is focused upon a largely empir- 
ical approach to the design of furnaces 
and combustion equipment. 

Since World War II greater interest 
has been shown in the fundamental as- 
pects of combustion. It is entirely pos- 
sible that the development of this field 
may parallel that of fluid mechanics some 
twenty years ago as a “rediscovered” area 
in mechanical engineering. 

At the University of Illinois two courses 
have been set up, one dealing primarily 
with fuels and furnaces, and the other 
slanted toward the fundamental phases of 
the combustion process itself. A labora- 
tory has been built as a demonstration 
facility to supplement the theoretical 
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work in this second course. Precision is 
not sought in the combustion experi- 
ments; the principal purpose has been to 
repeat classic experiments and to give the 
student some feeling for the order of 
magnitude of the quantity being meas- 
ured. Such mechanical concepts as torque, 
inertia and acceleration are known and 
understood by the student. An apprecia- 
tion of the properties of flames and of ex- 
plosion phenomena should be equally im- 
portant to the engineer. 


II. EXPERIMENTAL FAcILities 


Six of the combustion laboratory ex- 
periments will be described: two on flame 
temperature, three on flame velocity, and 
one on the pressure rise accompanying a 
gaseous explosion. In some cases the ex- 
periments were made possible by interde- 
partment loans of apparatus; some of the 
equipment was built up from standard 
components normally available in a phys- 
ies laboratory. 


(A) Flame Temperature by Spectral 
Line Reversal 


This technique, originally so modestly 
described by Fery (1),* has been widely 
accepted as a standard method for meas- 
uring the temperature of a luminous 
flame. It depends upon the assumption 
that thermal equilibrium exists in a flame, 
and that chemiluminesence is negligible. 
It is further assumed that Kirchhoff’s law 
is satisfied, and that the brightness tem- 
perature of a ribbon filament lamp has, 

* Numbers in parentheses refer to the bib- 
liography at the end of the paper. Where 
two numbers are used, the second represents 
the page number. 
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at resonance, the true or black body tem- 
perature of the flame through which the 
filament is viewed. 

In Fig. 1, apparatus is shown arranged 
for measuring the temperature of a Bun- 
sen burner flame by the line-reversal 
method. A tungsten ribbon filament lamp, 
of the type used in amateur moving pic- 
ture projectors, is indicated at the right. 
This lamp is energized from a six volt 
source and connected so that the input 
may be varied and measured. The shield 
to the left of the lamp may be omitted, 
although a metal sleeve with a narrow slit 
may be attached to the lamp to limit the 
height of the tungsten spectrum. The 
combustion chamber is made up from 3- 
inch pipe fittings and has openings to 
permit the passage of light from the lamp. 
The lenses “A” and “B” are arranged to 
bring the image of the lamp filament to a 
sharp focus on the slit of the spectro- 
scope. The flame is colored with an alkali 
salt, usually sodium chloride or sodium 
hydroxide. 

The salt may be introduced into the 
flame or into the line supplying air to the 
burner. In the flame itself, one may (a) 
spray an aqueous solution of the salt, or 
(b) salt erystals may be held above the 
burner top on a wire. The air-borne 
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technique involves either (a) finely » 

vided salt powder, or (b) salt ionized i 
an electric are, or (c) salt vaporized ts 
heater. The latter method js chown i 
Fig. 1. a 

The observer sees in the spectroseoy, 

the continuous band spectrum of the tyro. 
sten lamp, upon which is superimpog, 

the strong sodium doublet at 5890 4 on; 
5896 A. If the brightness temperature ¢ 
the lamp is below that of the flame, the 
sodium doublet appears as two bright od. 
low lines. These lines “reverse” or tyr, 
black when the lamp brightness temper. 
ture exceeds that of the flame. For th 
particular case when the flame is emitting 
as much energy at the 5890-96 A waye 
lengths as it is absorbing from the lamp, 
neither the bright nor the reversed lines 
will be seen. At this optical balance 
point, the electrical input to the lamp is 
measured. The burner assembly is moved 
out of the way, and an optical pyrometer 
is sighted on the lamp through the lens 
“A”, The pyrometer reading is corrected 
for the difference in effective wave lengths 
of the pyrometer screen and that of res 
onance radiation in the flame. The cor 
rected brightness temperature of the lam; 
is then taken as the true temperature oi 
the flame. 
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Determination of Bunsen flame temperature by line reversal method. Temperature 
may be studied as a function of air-fuel ratio. 
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Line reversal technique used to measure average temperature across diameter 


of cylinder of an internal combustion engine. Stroboscopic shutter relates temperature to 


crank angle. 


The use of calibrated meters on the air 
ad gas lines permits a study of the ef- 
fect of variation of air-fuel ratio on the 
fame temperature. Control of the electric 
heater in the salt cell is effected by the 
variac. 


B) Flame Temperature in an Internal 
Combustion Engine Cylinder by 
Spectral Line Reversal 


The measurement of the average flame 
temperature at a particular crank angle 
can be done by spectral line reversal. This 
method was successfully used by Hershey 
and Paton (2), and fortunately the test 
engine and many of the components were 
available for use in the combustion course. 

The principal equipment is shown in 
Fig. 2. Because the maximum tempera- 
tures in a reciprocating gasoline engine 
are of the order of 4500° R., a special 
tungsten lamp was built with a “V” 
shaped filament. This device permitted a 
higher brightness temperature for a given 
filament temperature. 

As the temperature varies from point 
to point during the engine cycle it is 
necessary to insert a stroboscopic shutter 
between the engine and the spectroscope. 
It may also be noted in Fig. 2 that the 
light path throngh the cylinder differs 
from that in the Bunsen flame of Fig. 1. 
The use of a parallel beam of light in the 
combustion chamber gives an average 


value of the flame temperature across this 
diameter. The use of the rotating shutter 
averages the temperature over a number 
of cycles so that the observer measures a 
temperature averaged both in time and 
in travel. An aqueous solution of sodium 
hydroxide is used, either as a finely di- 
vided spray or as a vapor from boiling 
liquid. In either case the sodium salt is 
introduced into the intake manifold. 

The engine is a single cylinder water- 
cooled spark ignition type, suitably 
loaded. The particular engine used in this 
laboratory had a cylindrical combustion 
chamber which facilitated the location of 
the windows. Other recent installations 
have used constant speed units of the 
C. F. R. type. Quartz windows %2 inch 
thick and “4 inch in diameter are held in 
steel sleeves, which in turn are screwed in 
place in the cylinder against copper spark 
plug gaskets. 

Pressure measurements are not essen- 
tial, but a high speed Bureau of Stand- 
ards indicator was part of the original 
test engine equipment. 

Running at constant speed, the effects 
of air-fuel ratio and other standard engine 
variables may be traced in the tempera- 
ture-crank angle or temperature-volume 
diagrams. P-V-T information may be ob- 
tained if the high speed indicator is used. 
Extensive chemical calculations may be 
made on the various equilibria involved. 
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(C) Determination of Flame Velocities where: V is the burning velocity 
by the Bunsen Cone Method U is the average velocity of 4, 
gas-oxidant mixture. 7 


Early observers of the inner blue cone a is the cone angle measyred 
° MANU al 
the distance ().707 R ; 


of the Bunsen burner established that it ; 
was composed of unburned gas, and that the centerline of the es: 
the cone shape was related to the velocity - 
variation of the gas-oxidant mixture side and Culshaw (4) (5) in which » 
across the burner tube. Guoy (3) showed magnified image of the burner te a 
that combustion took place normal to the traced, and the surface of revolution, i 
cone surface, and that the burning veloc- vided into the rate of gas-oxidant {oy 
ity was related to the mixture velocity by gave an overall value for the flame vale 
the cone angle. As the angle between the ity. This method takes into account qj 
cone wall and the vertical axis of the of the variations of cone angle, and aly 
burner varies, several measuring locations allows for the fact that the bottom of th 
have been suggested. Noting that for cone is not in contact with the top of the 
: ' f . burner. 

laminar flow in a pipe the mean velocity A modified Culshaw experiment « 
is at a point 0.707 R from the centerline, gketehed in Fig. 3. An optical bench js 
this radius was used when the cone angles _used to hold the burner, lens system, ani 
were measured. The flame velocity was screen. These are arranged in line with 
then computed from: a frosted lamp, and adjustments are mai 
so that the top of the burner tube x 
V=U sina focused on the glass screen, giving a 
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A new approach was suggested by (» 
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Fig. 3. Modified Garside and Culshaw experiment to determine flame velocity 
from Bunsen cone measurements. Air-gas ratio a controllable variable. 
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Details of apparatus for blowing and supporting soap bubble in 


constant pressure bomb method for determining flame velocity. 


image about six times as large as the tube. 
The lamp is turned off, and the enlarged 
image of the cone is traced on the glass 
screen. This may be done with tissue 
paper held against clear glass, or the 
glass itself may be frosted. 

The tracing is divided by a number of 
horizontal lines and the volume of the 
figure of revolution swept out between 
each set is computed. These segmental 
volumes are then summed up and divided 
by the seale factor to obtain the actual 
area of the inner Bunsen cone. 

Gas and air meters give a measure of 
the flow rate of the mixture, and the flame 
velocity is taken as the quotient of the 
flow rate by the cone area. 

In this experiment a glass burner tube 


was used, having an internal diameter of 
0.300 inches, and a length of 32 inches. 
No attempt was made to cool the burner 
tip nor to operate the combustion process 
at less than atmospheric pressure. 


(D) Flame Velocity Determination in 
the Isobaric Bomb 


Flame velocity may be measured by ob- 
serving the rate of growth of a spherical 
flame front in an explosive mixture. The 
constant pressure bomb is well suited to 
this type of measurement, as only small 
quantities of the mixture are required. 
Also the mixture is initially at rest. 

A widely used technique has been de- 
seribed by Jost (6-69) and is recounted 
in a number of the reports of the 
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Fig. 5. 


N.A.C.A. It consists of introdueing an 
explosive mixture into a soap solution and 
blowing a bubble about 3 inches in diam- 
eter. This can be done in such a manner 
as to include central electrodes within the 
bubble. 

Ignition’ is designed to oceur under 
photographie observation; a drum camera 
or a high speed motion picture camera 
may be used. 

The bomb and ignition electrodes are 
shown in Fig. 4. The upper platform 
carries an inverted Bunsen burner and a 
support ring. The ring is made from 12 
ga. steel wire and, in the plane normal to 
the paper, is bent to form a cirele 2 inches 
in diameter. The lower support carries a 
glass tube through which the electrodes 
are threaded. 

A soap film is drawn across the sup- 
port ring by raising a dish of soap solu- 
tion over the wire. The gas and oxidant 
are premixed in a small tank under 
pressure of several inches of water. The 
air bleed on the Bunsen burner is sealed 
off, and the mixture is introduced slowly. 
Careful shaping of the electrodes makes it 
possible to blow the bubble over them. A 
battery and ignition coil circuit is used to 
ignite the charge. 

A special drum camera was built for 
the laboratory. It consisted of a small 
synchronous motor directly connected to 
a small aluminum cylinder, the whole be- 
ing enclosed in a black box equipped with 
a shutter and lens system. The drum 
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Flame tube apparatus for measuring flame velocity. 
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camera gives a wedge shaped picture as 
the spherical flame front grows. Froy 
the picture dimensions and the synchro. 
nous motor speed, the flame velocity may 
be computed. 

This technique has recently been refined 
(7) by substituting a thin transparent 
rubber balloon for the soap film. The 
newer method makes it possible to control 
moisture as a variable. 


(EF) Flame Velocity Measured in 
Long Tube 


A less refined method for measuring th 
velocity of a flame involves the timing 
of the flame front as it 
tube. Apparatus designed to do this is 
shown in Fig. 5. 

Air and gas are separately metered and 
brought to a mixing chamber. A wire 
gauze sereen covers the cork, connecting 
the tube and the mixing chamber, as « 
precaution against flashbacks. 

In the particular test under considera- 
tion, the tube has an internal diameter o! 
1%42 inches. This is below the 2 inch min- 
imum suggested by writers in this field, 
who point out that the tube radius affects 
the flame speed in the smaller sizes. For 
this reason the test was considered less @ 
an experiment than as a demonstration 
In the latter sense, it was especially suc- 
cessful as it gave the student a real feel- 
ing for the magnitude of flame velocity 
under atmospheric conditions. 


moves along a 





DEVELOPING A COMBUSTION LABORATORY 


Two types of experiments were run on 
the apparatus. In the first, the tube was 
ajled with an explosive mixture, the cork 
«as removed, and the tube ignited at the 
fur end. In the second, a steady flow of 
jirgas mixture was supplied and the 
game front was obliged to move against 
‘his initial velocity of the mixture. In 
vither case, the flame front was timed be- 
‘een two fixed points on the tube 50 
inches apart. The flame velocities were 
omputed from these data (6-65) and 
‘rom the caleulated initial velocities of 
the mixture. 


F) Measurement of the Pressure Rise 
During Isometric Combustion 


Equipment for measuring the pressure 
rise during isometric combustion of a 
aseous mixture is shown in Fig. 6. It 
parallels the work done by Clerk (8) 
ome seventy years ago. The apparatus 
yas built up largely of spare parts. The 
main vessel was an old annealing pot 
which, when covered and inverted, con- 
tituted a bomb of 366 cubic inch capac- 
ty. Three bosses were welded to the top, 
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and were tapped for a filling connection, 
spark plug, and engine indicator respec- 
tively. 

Through suitable valves, the bomb was 
connected to a vacuum pump so that it 
could be emptied of the products of com- 
bustion of the previous charge. The bomb 
was then filled with an explosive mixture 
and all of the valves closed. The indicator 
connection was opened, and the chrono- 
metric drum mechanism set in motion. 
The bomb was then ignited from an in- 
duction coil cireuit. 

The trace on the indicator card gave ¢ 
pressure-time plot of the combustion 
process in the bomb. As a teaching de- 
vice the experiment has some interesting 
aspects. The students were asked to esti- 
mate the temperature rise in the isometric 
bomb, and from this to make a refined 
adiabatic calculation including variable 
specific heats and dissociation. The tem- 
perature arrived at by the second ap- 
proximation was then used to estimate 
the maximum pressure attainable. The 
spring for the engine indicator was se- 
lected after this caleulation. The esti- 
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6. Bomb equipped for measuring pressure-time relation 
during explosion of a gaseous mixture. 
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mated and measured values of the max- 
imum pressure were compared in tabular 
form for several mixtures of air and hy- 
drogen. The effect of mixture composi- 
tion upon the rate of pressure rise was 
also noted. 


III. Conciusions 


This paper constitutes a progress re- 
port on the combustion laboratory. New 
experiments are in preparation, and sev- 
eral of the present techniques are being 
refined. The laboratory is intended as a 
teaching facility and is supplementary to 
the theoretical combustion course. 

In general, the students have shown real 
enthusiasm for the type of work done in 
this laboratory. It has stimulated an in- 
terest in combustion research. Several 
students have later taken individual lab- 
oratory investigations in this field, and a 
few have written theses in the combustion 
area. 
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Can Present Curricula in Industrial, Administra- 


tive, Management Engineering, Etc. Be 
Unified Under One Title>* 


By WASHINGTON PLATT 


Chairman, Dept. of Administrative Engineering, Syracuse University 


The purpose of this paper is to define 
more clearly the field of usefulness covered 
by those Departments of Engineering 
called indiseriminately by such titles as 
Industrial, Administrative, Management 
Engineering, ete., and to suggest unifica- 
tion as to title. 

It is NOT our purpose to propose a 
standardization of all curricula in this 
field any more than the curricula in Civil 
Engineering are now, or should be, stand- 
ardized. Curricula in all branches of En- 
gineering vary in emphasis at different 
universities in accordance with local op- 
portunities and this is as it should be. 

It is also NOT the purpose of this paper 
to attempt to draw sharp lines of distine- 
tion where no sharp lines in fact exist. 
In Chemieal Engineering, for example, we 
would agree that a chemical engineer who 
was engaged in the design, construction 
or operation of equipment for carrying 
out industrial chemical reactions on a 
large seale was working in the typical field 
of the chemical engineer and that he was 
working in the field for which he was 
fitted by his edueation better than was any 
other kind of engineer. However, we ad- 
nit freely that such activities grade im- 
perceptibly in Chemical Engineering re- 
search into those of the pure chemist; and 
in construction and operation into those 
of the civil or mechanical engineer. If 


*Paper presented before the Regional 
Meeting of the A.S.E.E., Buffalo, N. Y., 
October 14, 1950. 


we can define the typical fields of useful- 
ness the borderline cases need not worry 
us. 

In what follows, “Industrial Engineer- 
ing” will be used for the sake of brevity 
to cover the general field usually included 
under Industrial, Administrative, Manage- 
ment Engineering and similar titles. 


Comparison with Chemical Engineering 


The general development of Chemical 
Engineering as a well recognized field of 
Engineering will throw light on the pres- 
ent situation as to Industrial Engineering 
and the opportunities for overcoming our 
present difficulties. 

About 30 years ago, David Wesson, 
then President of the American Institute 
of Chemical Engineers, stated that in the 
minds of many, a chemical engineer was 
the combination of a poor chemist with 
a poor engineer; and that many believed 
that a Chemical Engineering curriculum 
consisted of almost any miscellaneous mix- 
ture of a little Chemistry and a little En- 
gineering. In my own experience when it 
was suggested that we hire a chemical 
engineer, the question would be asked, 
“Why don’t you hire a real chemist?” or 
“Why don’t you hire a real engineer?” 

Chemical engineers were not discouraged 
by this general lack of understanding and 
appreciation. They have justified their 
place in the sun. They have proven that 
there are some activities that they can 
carry out better than any chemist and 
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better than any other kind of engineer. 

Like Chemical Engineering 30 years 
ago, I should say that few employers or 
others understand the present typical field 
of usefulness of Industrial Engineering. 
Many consider that the industrial engineer 
is a combination of a poor accountant 
with a poor engineer. They feel that the 
Industrial Engineering curriculum has no 
inherent unifying core; but consists of a 
miscellaneous three part mixture of engi- 
neering, personnel management and ac- 
counting. 


Present Confusion in Titles 


In the just mentioned ways, I am con- 
vineed that Industrial Engineering stands 
now just where Chemical Engineering 
stood 30 years ago. 

In one important respect we are in a 
much worse position than the chemical 
engineer of 30 years ago. Chemical Engi- 
neering was never widely known by any 
other name. The chemical engineers had 
a big job explaining to all concerned what 
Chemical Engineering was, but they had 
only one name to explain. In the general 
field of Industrial Engineering we find 
several names covering exactly the same 
field and several other names in adjacent 
fields or which sound much the same. 

For example, the ECPD (1948) ae- 
eredits 19 curricula under the heading 
of Industrial Engineering. Of these, 11 
use the title “Industrial Engineering”; 
5, “Administrative Engineering”; while 
others use: “Engineering and Business 
Administration” (Harvard); “Business 
and Engineering Administration” (MIT) ; 
“Management Engineering” (RPI). 

Outiside of these accredited Engineer- 
ing courses we find names which sound at 
least superficially confusing such as De- 
partments of “Industrial Administration” 
(Yale) and Colleges of “Business Admin- 
istration” (Syracuse). 

Under these circumstances it is not sur- 
prising that we are confused among our- 
selves and that we leave the public and 
our prospective employers even more con- 
fused. 
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What then is the field of usefy!pes: 
Industrial Engineering? 


Industrial Engineering in Currey 
Industry 


First based upon current practices j, 
industry. In 1947 Andrews wrote : 
Master’s thesis on “A Study of Industri: 
Engineering Practices based on a Syryo 
of Industry in the Syracuse Area” (] 
If we accept the Syracuse Area as a yey 
sonably fair sample we have here soy 
light on what industry currently thinks 
Industrial Engineering is and éught to }y 

The situation as found by Andrews js 
shown in the following table which shows 
what Industrial Engineering activities are 
practiced in current industry and under 
what departments. 


Industrial Engineering in Current 
Curricula 


On the other hand we have a valuable 
recent study by F. H. Thomas “Indus- 
trial Engineering—What Is It?” (2) 
showing what American Universities ar 
currently offering under this heading. 
Nineteen Colleges of Engineering teach 
this branch of Engineering under the fol- 
lowing titles: 

Industrial Engineering—12 

Administrative Engineering—3 

Management Engineering—2 

Business and Engineering Admin.—] 

Option in other eurricula—] 


In deciding what should be included in 
Industrial Engineering curricula we need 
not be limited by current practices in In- 


dustry. The universities should be a jump 
ahead of industry. They should exercise 
real leadership in finding useful industrial 
applications of the latest scientific and 
engineering developments. 


Industrial Engineering Defined 
It has been said that Engineering deals 
with 
Materials, Methods, Men and Money 


based upon Mathematies and 
Physical Sciences 
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TABLE I 


From Andrews, loc. 








Department to Which Assigned 





Industrial Engineering 
Activities 


| Standards & Methods Dept. 
Production Control Dept. 


| Production Engineering 
| & Time Study Dept. 


| Dept. 
| Plant Engineering Dept. 


| Industrial Engineering 


| Dept. 


A “0; e rator ‘and Foreman 
training (formal or class- 
room) 


B. Preparation of Operation 
Sheets 


cA Me lethods and Motion 
Study 


D Machine Loading 


E. § Standard Mac shine Data 
_Dev velopment 


Data for Sy nthetic Rates 
G. ;. Time Studies 
H. “Actual Rate Adminie- 
tration 


I “Job Rating 
i. Merit Rating 
K. Costs and Estimating — 
L ‘Plant Lay youts | Kmieiaty 
M. Produetion Control 
N. Quality Control Revi hy 
0. Safety AT 
P Planning at and 4 Scheduling 
Q. Standard Practice 
Bulletins 
R. Plant- wide Orenaiention 
Charts 








8. Budget Control 


1 











ae 
| 





| 
| 
| 
| 
| 


Individuals, 


| Quality Control Dept. 
Inspection Dept. 
Wage & Rate Dept. 
Total number of plants 
| answering 


| Planning Dept. 
| Safety Dept. 

| Personnel Dept. 
| Cost Dept. 



































| 
| 
| 
j 





“Indic rates the Department to which the activity is assigned in the greatest number of 


plants. 8/11/47 by DRA. 
For M.E.’s, E.E.’s, C.E.’s and Ch.E.’s, 


the priority is in the order just given. 
For Industrial Engineers the priority 
Is; 
Men, Methods, Money, Materials 
based upon Mathematics, 
Physical and Social Sciences 





Briefly, an industrial engineer has first 
of all a reliable foundation in Engineer- 
ing. He applies this engineering knowl- 
edge to manufacturing, or better, to the 
coordination of manufacturing. 

Doctors of medicine have many special- 
ties, but their whole medical course is 
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unified by their study of the human body 
and its interrelationships. So Industrial 
Engineering activities are of many kinds, 
but they all center around the applications 
of Engineering to the industrial organ- 
ization, particularly to the manufacturing 
department. Industrial Engineering is 
for 9 out of 10 the Engineering of 
Manufacturing. 

See also Goring (3). 

Under typical conditions in the ideal 
factory the civil engineer designs and con- 
structs the building itself, but the in- 
dustrial engineer is responsible for Plant 
Layout including the location of machin- 
ery, working space, conveyors, storage 
space, ete. 

The mechanical or electrical engineer is 
responsible for the design, construction 
and operation of the various pieces of 
mechanical or electrical equipment. How- 
ever, the industrial engineer is responsible 
for integrating all pieces of equipment 
with the labor, raw material, conveyors, 
storage facilities, ete. into a stream- 
lined, well-balanced, efficient, over-all man- 
ufacturing operation. 

The M.E., E.E., C.E. or Ch.E. may con- 
sider principally the technical side of en- 
gineering, while the industrial engineer 
usually has a human being in the picture. 
The human factor and the dollar sign 
enter into most of his equations. Therein 
lies the chief difficulty, and also the chief 
glory of Industrial Engineering. 

It may be said that a mechanical engi- 
neer is interested in a machine which is 
run by a human being; whereas an indus- 
trial engineer is interested in a human be- 
ing who happens to be running a machine. 
It is significant that one of the typical 
studies of mechanical engineers is Kine- 
maties, analyzing the motions of parts of 
machines, while a typical study for in- 
dustrial engineers is Motion and Time 
Study which includes analyzing the mo- 
tions of parts of human beings. 

The branch of Industrial Engineering 
so far described concerns engineering 
problems which occur mostly within the 
four walls of a factory. Typieal subjects 
are: 
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Factory Layout 

Methods Engineering 
Production Planning and (Coyty) 
Quality Control 
Motion and Time Study 

Safety Engineering 

Personnel Management 
Employee Training 















There is also a branch of engineerine 
which is concerned with engineering sae 
veys, top management planning, and engi. 
neering investigations of the kind yaq, 
by consulting engineers for financial py 
poses. Problems attacked include thoy 
of plant location, industrial reorganiza 
tion, industrial expansion, ete. University 
courses helpful in solving these problems 
include those in economic geography, pop. 
ulation trends, transportation, business 
eycles, ete. It will be seen that many o: 
these problems and their answers occur 
outside of the walls of a single factory. 

This is a field of importance, but of 
limited numbers, compared with the 
enormous numbers engaged in the Engi- 
neering of Manufacturing. Those firms 
or companies having such activities usually 
assign their more mature engineers to such 
work, since experience and judgnient are 
so essential. Few colleges of engineering 
emphasize such activities for their under- 
graduate curricula; though in most engi- 
neering colleges which are part of a large 
university, an undergraduate industrial 
engineer with sufficient electives or 4 
graduate engineering student could easily 
prepare himself for such work by electing 
the proper courses in other colleges of the 
university. 

Some few use “Industrial Engineering” 
for the Engineering of Manufacturing and 
the term “Administrative Engineering” to 
cover Engineering Surveys and Top Man- 
agement Piffifang. This distinction is not 
generally recognized either in education or 
in industry. The desirability of the con- 
tinued use of both titles is open to serious 
question. 

Such surveys, planning and investiga 
tions can usually best be carried out by 
engineers because the engineering prob- 
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lems are often of fundamental importance, 
and are apt to be overlooked by those 
ithout an engineering background. It 
~ helieved that these activities can prop- 
aly be included under the general title of 
“Industrial Engineering” along with the 
getivities more intimately connected with 
\anufacturing proper. This practice is 
followed in the School of Engineering at 
Columbia University, for example, where 
considerable emphasis is put upon Engi- 
neering Surveys, yet this activity is in- 
cluded under the general title of Indus- 
trial Engineering. Where surveys and in- 
dustrial investigations are concerned pri- 
marily with questions of accounting, law 
or finance, the field is not properly engi- 


neering at all. It should not have a 


quasi engineering title, but should be 
called frankly Business Administration. 


Selection of a Title 


In the selection of a title every con- 
sideration of this field known to the pres- 
ent author gives preference to Industrial 
Engineering over other possible names. 
For example, ECPD uses this general title 
for the Division to be represented on its 
(ieneral Council. The engineering society 
in this field is known as the American In- 
stitute of Industrial Engineers. The ex- 
cellent article “What’s New in Industrial 
Engineering?” (4) states that out of 28 
Universities listed as giving degrees in 
this general field, 13 gave the degree in 
Industrial Engineering with the nearest 
competitor 4 in Engineering and Business 
Administration. 

Several corporations such as Bethlehem 
Steel, Eastman Kodak, ete., have Depart- 
ments of Industrial Engineering. Very 
few designate their departments in this 
feld as Management or Administrative 
Engineering or one of the similar titles 
found in Universities for Departments in 
this area. 

Rightly or wrongly, Industrial Engi- 
neering is preferred by many in industry 
as having a down-to-earth flavor, whereas 
Administrative Engineering suggests the 
“high hat” attitude. Some representatives 
of industry have feared that administra- 
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tive engineers might object to getting their 
hands dirty. It is a fact that in Engineer- 
ing Placement one receives ten requests for 
industrial engineers to every one for an 
administrative or management engineer. 

The title adopted for this department 
of engineering should be short and simple, 
corresponding to the short, direct titles 
for Civil, Mechanical, Electrical Engineer- 
ing, ete. Such simple titles are preferable 
to “Business and Engineering Administra- 
tion,” for example. In general, “Admin- 
istration” or “Administrative” are unde- 
sirable words in the title. Titles contain- 
ing these words are often confused with 
those of colleges of Business Administra- 
tion. 

The preponderance is therefore found 
to be overwhelmingly in favor of the term 
“Industrial Engineering.” Is it not time 
that institutions using other titles did their 
part to eliminate the present confusion by 
conforming to the prevailing title, espe- 
cially when the prevailing title is a pretty 
good one, however examined? 


Conclusions 

1. Those engineering activities now 
entitled Industrial, Administrative, Man- 
agement Engineering, Business and Engi- 
neering Administration, ete., have a real 
unity and a definite field of usefulness in 
that all of these activities center around 
the industrial organization. 

2. Such Engineering is well described 
as “Industrial Engineering”; that is, the 
application of engineering principles to 
industry, apart from those activities al- 
ready covered by Civil, Mechanical, Elec- 
trical, and Chemical Engineering proper. 
In most of its aspects Industrial Engineer- 
ing is the Engineering of Manufacturing. 
In its larger meaning it is the Engineering 
of the Industrial Organization as a whole. 

3. Industrial Engineering problems us- 
ually emphasize Men and Money more 
than do other departments of Engineer- 
ing. This adds to the difficulty and to 
the importance of this field. It is the 
distinction of Industrial Engineering that 
it specializes in the Human Side of Engi- 
neering. 
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4. One of the principal obstacles to a 
better understanding of this field has been 
the diversity of names by which the same 
field of Engineering has been called, and 
the border line curricula with superficially 
similar names which are not engineering 
at all, but which add to the confusion by 
their similarity of wording. 


Recommendations 


1. That the Department of Engineering 
concerned with the applications of Engi- 
neering to industrial concerns as a whole, 
and especially to the coordination of man- 
ufacturing with emphasis on the human 
and financial sides of Engineering, be 


College 


A distinguished career as a teacher of 
engineering at the Catholic University of 
America ended for Thomas J. MacKav- 
anagh, head of the Department of Elec- 
trical Engineering since 1918, upon his 
retirement on August 31st. Joseph C. 
Michalowiez, who got his degree of bache- 
lor of electrical engineering at Catholic 
University in 1940, and has been on the 
teaching staff of the department since 
1942, has been named acting head of the 
department. 


The Bureau of Audio-Visual Instruc- 
tion of the State University of Iowa has 
just released a revised edition of two of 
its most important sound films: “Motion 
Study Principles” and “Motion Study Ap- 
plications.” 

These films were originally produced by 
the Bureau of Audio-Visual Instruction 
under the direction of Professor Ralph M. 
Barnes, and have had such wide accept- 
ance that a revised edition has been pre- 
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unified under the title Industria Risa 
neering. bi 
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Notes 


pared. The entire film has been retakey 
and the new prints are now available on 
a rental or sales basis by the State Uni 
versity of Iowa, Bureau of Audio-Visual 
Instruction, Iowa City, Iowa. 


Research and study on structural prob 
lems in the development of ocean-span 
ning rockets and supersonie aircraft wil! 
be centralized for the first time at Colum. 
bia University’s new Engineering Center. 
The projected Aeronautical Structures 
Laboratory, through which the centraliza- 
tion will be achieved, will have a three-fold 
mission: conductive research, providing 
trained graduates in a new and fast-de- 
veloping field, and providing a clearing- 
house for research information on aero- 
nautical structures. The laboratory will 
also investigate structural problems stem 
ming from such new techniques as refuel 


ing while airborne, the use of “parasite” 


aircraft, and the carrying of radioactiv 
material or equipment. 
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Is the Traditional Program in College Mathe- 


matics Adequate for the Training of 


Prospective Engineers and 


Scientists 2 


By KENNETH L. NOBLE 


Assistant Professor of Mathematics, University of Denver 


At the present time, the college program 
of mathematical training for future engi- 
neers and scientists faces a double prob- 
lem. It has the problem of extending its 
course work downward to complement the 
increasingly poor mathematical —back- 
ground of the high-school graduate as 
well as the need of enlarging its offerings 
to meet demands for the mathematics 
necessary in increasingly complex fields of 
science. 

The quality and quantity of the high- 
school preparation in mathematies of stu- 
dents who intend to become engineers or 
scientists has long been a problem to col- 
lege teachers of mathematics. Some stu- 
dents come to college with a good mathe- 
matical background, but many are poorly 
or inadequately prepared. 

College teachers tend to place the blame 
for this unsatisfactory background on the 
high school. Is this a fair and reasonable 
criticism of most high schools? Another 
tendency is to feel that the student should 
not enter college to be trained as an engi- 
neer or scientist until he has the proper 
mathematical background. Is this at- 
titude fair and reasonable in the case of 
many students? 

In order to suggest an 
these questions, suppose we consider some 
phases of the high-school situation at 
present, taking a large, over-all point of 
view, 


answer to 


I2I 


Inasmuch as only a small portion of 
high-school graduates enter college to be 
trained as engineers or scientists, the 
preparation of students for the study of 
college mathematics is not a major objec- 
tive in most high schools. 

Some large high schools are able to offer 
enough work in mathematics to give an 
excellent background for college courses 
of study. The Denver high schools,'! for 
example, offer four semesters of algebra, 
two of plane geometry, one of solid geom- 
etry, one of trigonometry and one of 
mathematical analysis. 


Meager Offerings in Math 


Since most of our high schools are 
small, their offerings in mathematics are 
meager and many students simply do 
not have the opportunity to acquire a 
good background. The small high school 
cannot afford, in the light of the number 
of students involved, an extended course 
of study in mathematics. 

Although the guidance function of high 
schools is constantly improving, many 
students who wish to become engineers or 
scientists do not understand what abilities 
are needed for suecess in scientific work 
or what courses they should take in high 
school to prepare for that work. Also 


1 Denver Public Schools, The Mathematical 
Program of the Denver Public Schools, 1951. 
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students who could become good engineers 
or scientists may never be directed toward 
those fields. 

In an address before the Committee on 
Secondary Schools of the American So- 
ciety for Engineering Education, Evans, 
of the University of Maine, discussed the 
problem of high-school preparation : 


. Tepresentatives of prominent second- 
ary schools told us that there was little hope 
that, by and large, our students would be 
better prepared in the future. . . . We shall 
see mathematics more interesting than effec- 
tive, we shall see physics and chemistry more 
descriptive than mathematical, we shall see 
more time devoted to vocational subjects 
rather than to disciplinary drill in and 
mastery of those subjects which are more 
basie to a college education. ... if a stu- 
dent knew when he entered as a [high- 
school] freshman that four years later he 
would be attempting to gain admission to 
an engineering school, he could do much to 
bolster his preparation. On the other hand, 
if many students who enter high school with 
definite plans to enter an engineering school 
knew more about the intellectual require- 
ments necessary to successfully pursue an en- 
gineering education . . . they might wisely 
elect to try some other field. . . . Since 
the percentage of high-school graduates who 
go on to technical schools is very small, say 
between one and two per cent of the total, 
and perhaps ten or fifteen per cent of the 
total going to institutions of higher learning, 
we can hardly expect even the larger school 
to carry special facilities for this group.? 


Percentage Enrollments 


It is interesting to consider actual per- 
centage enrollments in high-school courses 
which could contribute to a good mathe- 
matical background. Table 1 shows us 
that about one in six high-school students 
is enrolled in elementary algebra, one in 
nineteen in intermediate algebra, one in 
twelve in plane geometry, one in seventy 
in solid geometry, one in sixty in trig- 
onometry, one in seventeen in chemistry 
and one in twenty-five in physics. 


2W. S. Evans, ‘‘Let’s Be a High School 
Freshman,’’ The Journal of Engineering 
Education, 41: 249, December, 1950. 
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TABLE 1 


PERCENTAGE OF Pupits Enroiey j, 
TAIN HicH-ScHoou Sussecrs jy 4, 
Pusuic SeconDary Day Seino). 

IN THE UNITED States 
1948-1949* 








Subject 





Elementary algebra 
Intermediate algebra 54 
Plane geometry 8.7 
Solid geometry 1.4 
Trigonometry 1.6 
Chemistry 5.9 
Physics 1.0 





* Adapted from John R. Mayor, Editor 
“What Is Going On in Your School,” Ti, 
Mathematics Teacher, 44: 413, October, 195) 

** Based on a total enrollment of 6,907.83 
pupils, 


It may be fair and reasonable t 
criticize the efficiency of some high-school 
teaching of mathematics, but the criticism 
of inadequate offerings is not just. While 
there is much room for the improvement 
of guidance at the high-school level, it is 
not just to criticize the prospective engi- 
neer or scientist for lack of opportunity 
to obtain an adequate mathematical back- 
ground. 


College has Problem 


Thus the college has the problem of 
bringing many freshmen up to a “state of 
readiness” for the usual mathematics 
courses which are a part of the training 
of engineers and scientists. 

Concomitant with the small hope that 
freshmen entering college courses of stud) 
will have improving mathematical back- 
grounds is the fact that engineers and 
scientists need increasing amounts of abil- 
ity in increasingly complex mathematical 
subjects. 

Traditionally the future engineer or 
scientist has studied during the first two 
years at the college level the subject 
matter of college algebra, trigonometry, 
analytic geometry, differential calculus 
and integral calculus. In some schools, 
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vetrieal engineering students have also 
ww ‘na beginning course in ordinary dif- 
F ferential equations in the third year. 
Pertinent to the need of an increasing 
background in mathematics, Bewley of 
Lehigh University states that : 


There are, however, certain electrical engi- 
ping courses which bring into play on 
vopuine engineering problems the whole 
Jaxy of undergraduate mathematics, and 
» addition point the way to the necessity 
for advaneed study in mathematics as. a 
vecessary engineering tool... . The almost 
sniversally adopted undergraduate course in 
transients based on Heaviside’s or the La- 
slace transform methods, require a substan- 
|| background in the theory of differential 
equations, gamma, error, and Bessel fune- 
tions, certain theorems in algebra, Fourier 
series and integrals, and determinants; ... .3 


Bewley, in this same article, mentions 
other electrical engineering courses which 
require a knowledge of partial differential 
equations, operational calculus, series, 
boundary value problems, vector analysis, 
complex numbers, functions of a complex 
variable and others. 

Along the same line, quoting Shanks of 
Purdue University : 
Consider the fact that a research engineer 
may be asked to tackle such difficult and 
liverse problems as the vibrations of non- 
linear systems, the flow of viscous or com- 
pressible fluids, and the electromagnetic 
fields of complex configurations. Clearly it 
takes considerable mathematical maturity 
just to comprehend such problems. 


Daniels, in his book, Mathematical 
Preparation for Physical Chemistry, as 
early as 1928 ineluded above calculus: 


3L. V. Bewley, 
to Undergraduate Electrical 
The Journal of Engineering Education, 40: 
332, May, 1950. 

4M. E. Shanks, ‘‘Mathematics for Engi- 
neers,’? The Journal of Engineering Educa- 


‘*Teaching Field Theory 
Engineers,’’ 


tion, 41: 308, January, 1951. 


ordinary and partial differential equa- 
tions, infinite series, probability and vari- 
ous graphical methods of solving prob- 
lems. 

Not only must the college be able to 
improve the mathematical background of 
entering freshmen, but it must also be 
able to extend the training of engineer- 
ing and science students beyond the usual 
courses in calculus. 

Any solution of this problem must be 
considered in light of the total college 
curriculum for the engineering or scientific 
worker. For example, a feeling exists 
that such a student needs more training 
in English, social sciences and communica- 
tions. The tendency is to add to, not 
subtract from subject matter. 


Counseling Needed 

Of great assistance in any solution 
would be the proper counseling of the 
high-school student. In this field the col- 
leges could be of much help, particularly 
in aequainting the student with the abil- 
ities necessary for success in the engineer- 
ing or scientific fields. 

One possible type of solution would 
be the requiring of five years of training 
for the bachelor’s degree. This would al- 
low a two year pre-science training period 
followed by three years during which 
specialization could increase. 

Another possible type of solution could 
be the giving of a broader course with less 
specialization during the four years and 
allow the needed specialization to come at 
the graduate level or through job experi- 
ence after graduation. 

It is realized that this problem is not 
universal but applies only to a portion of 
all college students. It probably does not 
apply equally to all engineering and phys- 
ical science students. Nevertheless, the 
problem is crucial, particularly in view 
of maintaining a desirable reservoir of 
adequately trained scientific personnel. 














TIMELY TIPS 
Right Triangles with Integral Sides 


By F. C. BRAGG 


Associate Professor of Engineering Drawing and Mechanics, 
Georgia Institute of Technology 
(Papers submitted for TIMELY TiPs should not exceed 3 pages of typewritten, doubl; spa 
material, including any mathematical formulas, and should contain not more than 
illustrations.) 
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It is well known that there are certain 76 represent independent or prime rela 
triangles, whose sides are integral num- _ tionships, while the other 14 items are my. 


t 


bers, such as 3, 4, and 5, which are right — tiples of the independent or prime cow. 


triangles. However, relatively few of  binations. 


these many number combinations which This table was derived as follows: 
will designate the sides of right triangles Let the three sides of a triangle be 
are available to the teaching profession. A = 2k? + 2Qkn + n? 

To correct this situation, the attached B = 2k? + 2kn 
table gives 90 such combinations of which C = 2kn + n? 


TABLE OF RiGgut TRIANGLES WITH INTEGRAL SIDES 

































































n=1 | n=3 | n=5 | n= n=9 n= il n=13 | n=15 r 
3 15 | 35 | 63 99 143 195 255 323 
k=1 5 17 37 65 101 45 197 | 257 
4 s 12 | 16 20 24 28 32 
5 21 45 77 117 165 221 | 285 57 
k =2 13 2¢ 53 85 125 173 229 293 
12 20 28 36 44 52 60 | 68 7¢ 
7 27 55 91 135 187 247 | 315 391 
k =3 25 5 73 109 205 265 | 
24 36 (9) | 48 | 60 72 (9) | 84 96 108 (9) | 120 
9 33 65 105 153 209 273 345 425 
k =4 41 65 97 137 185 241 305 377 
40 56 72 88 104 120 136 152 168 
il | 39 75 119 171 231 299 375 459 
k=5 61 | 89 125 169 221 281 349 425 | 
60 | 80 100 (25) | 120 140 160 180 200 (25) | 220 
13 | 45 85 133 189 253 325 405 493 
k =6 85 117 157 205 261 325 397 477 
84 108 (9) | 132 156 180 (9) | 204 228 252 (9) | 276 
15 51 95 147 207 275 351 435 527 
k=7 113 149 193 245 305 373 449 553 
112 140 16 196 224 252 280 308 336 
17 57 105 161 225 297 377 465 561 
k=8 145 185 233 289 353 425 505 593 
144 176 208 240 272 304 336 368 400 
19 63 115 175 243 319 403 495 595 
k =9 81 225 277 337 405 481 565 657 
180 216 (9) | 252 288 324 (9) | 360 396 432 (9) | 468 
21 69 125 189 261 341 429 525 629 
k = 10 221 269 325 389 461 541 629 725 
220 260 300 (25) | 340 380 420 460 500 (25) | 540 
' 
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k and m any numbers greater than 
ro. Then the triangle will be a right 
triangle and, if k and n are integers, then 
the sides will also be integral numbers. 
I should be further noted, when even in- 
‘gral numbers are used for n, then the 
»sultant triangles are not independent or 


with 


prime. 

In the table, columns represent triangles 
obtained by substituting for k integral 
values from 1 to 10 inclusive, and the rows 
vive triangles found by using odd integral 
values from 1 to 17 inclusive for n. The 


76 independent or prime combinations are 
indicated by three numbers showing the 
values for the three sides of the right tri- 
angle, while the 14 other combinations 
have fourth number in parentheses, which, 
when divided into each value, will give the 
basic independent combination to which 
the dependent combination is related. Ex- 
pansion of the table may be accomplished 
by a further substitution of values for k 
numbers 


and n with either one or both 


greater than those used in the table. 
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Report of Treasurer, 1951-1952 


Ernest C. Davies 
Certified Public Accountant 

August 1, 1952 
Mr. C. L. Skelley . 
Technical Book Department 
Macmillan Company 
60 Fifth Avenue 
New York 11, New York 


Dear Mr. Skelley: 


In accordance with your instructions we have examined the accounts and records of ¢} 
American Society for Engineering Education for the year ending June 30, 1952 and sub: 
herewith the following statements prepared therefrom: 


Exhibit I—Comparative Balance Sheets 

Exhibit II—Comparative Statements of Changes in Funds 

Exhibit I1I—Comparative Statements of Income and Expense 
Exhibit I[V—Comparative Statements of Receipts and Disbursements 


In connection with the statements as of June 30, 1952, we examined and tested the y- 
counting records, traced the receipts as recorded to deposit, checked the dishursements 
counted the securities on hand, and secured direct confirmation for all funds or securities jn ¢} 
hands of outside parties. Our examination was made in accordance with generally accepte; 
auditing standards and included all procedures which we considered necessary in the circum. 
stances. 

In accordance with a resolution of the Board of Directors, the excess of ECRC receipts 
and budgeted expenditure over ECRC disbursements has been transferred to ECRC resery 

Also Furniture and Fixtures purchased have been charged against revenue in order t 
comply with the Board of Directors resolution to carry Furniture and Fixtures at the nominal 
value of $1.00. 

In our opinion these statements fairly present the position of the Society at June 30, 1932 
and the results of its operations for the period then ended. 


Yours truly, 


Ernest C. Davires 
Certified Public Accountant 


AMERICAN SOCIETY FOR ENGINEERING EDUCATION 
COMPARATIVE BALANCE SHEETS 


Exursit [ 
June 30, 1951 June 30, 1952 


Assets 
Current Fund: 
Cash in State Bank and Trust Co e+. $21,319.53 $29,627.76 
Petty Cash 300.00 300.00 
U. 8. Government Bonds—Series G fe 30,700.00 30,700.00 


$52,391.53 $60,627.76 
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REPORT OF THE TREASURER 


Life Membership Fund: 


3, J. Lamme Fund: 
Cash—C hecking 
aan il Cash in Hands of Trustee 
Securities and Mortgages........ 


\ecounts Receivable: 
Advertising 
Gn a» he 
Westinghouse Educational Foundation. 
Income Cash in Hands of Lamme Trustee 


Prepaid Travel Expense 


- Inventory 


Furniture and Fixtures........ 


Total Assets....... 


Liabilities and Capital 
Current Liabilities: 
Accounts Payable—Publications. .. . . 
Other Accruals 


Prepaid Membership Dues 

Funds (Per Exhibit II): 
Life Membership Fund 
B. J. Lamme Fund 
Teaching Aids Fund. . 


General Fund: 


Reserve for ECRC. be 
Reserve for Special Projects aeks 
Unappropriated Surplus. . 


Total Liabilities and Capital 


183.11 
1,000.00 
$ 1,183.11 


230.46 
9.00 
5,132.73 
$: 5, 372. 19 


1,560.90 
1,275.00 
83.91 
121.46 


$ 3,041. 27 


1.00 
1.00 


$61, 990. 10 


16.65 
1,453.54 


$ 1,470. 19 
$ 1, 706.78 


$ 1,183.11 
5,372.19 
4,362.50 


$10,917.80 


. $ 6,056.62 


41,838.71 


$47,895.33 
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209.95 
1,000.00 


$ 1,209.95 


163.08 
9.00 
5,132.73 


$ 5,304.81 


2,747.44 
1,800.00 
323.69 
133.86 


$ 5,004.99 


$72,574.51 


407.88 


$ 407.88 


$ 508. 25 


$ 1,209.95 
5,304.81 
6,975.12 


$13,489.88 


$ 6,004.69 
6,056.62 
46,107.19 


$58,168.50 





. $61,990.10 


$72,574.51 











REPORT OF THE TREASURER 


COMPARATIVE STATEMENT OF CHANGES IN FUNDS 


Exuisirt II 


Life Membership Fund 


Balance at Beginning of Period 
Add: Contribution to Fund 
Interest on Fund. 


Balance at End of Period 


B. J. Lamme Fund 


Balance at Beginning of Period 
Add: Additions to Fund 


Less: Award and Expenses..... . 


General Education Board 
Balance at Beginning of Period 
Add: Refund received from SE Section 


Less: Refund Made to Gen. Educ. Board 
Balance at End of Period 


Teaching Aids Fund 
Balance at Beginning of Period 
Add: Income of Fund 


Less: Expenses of Fund. . 


Balance at End of Period 


Unappropriated Surplus 
Balance at Beginning of Period 
Add: (See Notes to Financial Statements) 
Excess Expense over Income. 
Transfer from ECRC Reserve 
Transfer from Special Projects 
Excess Income over Expense. 
Transfer to ECRC Reserve. . 


Net Addition 


Less: Write off of Furniture and Fixtures... .. .. 


Balance at End of Period 


12 Months 
Ended 
June 30, 1951 


.. $ 1,155.87 


25.00 
2.24 


. $ 1,183.11 


. 8 5,418.66 


126.04 
$ 5,544.70 
172.51 
$ 5,372.19 


. $ 9,950.00 


3,279.02 


$13,229.02 
$13,229.02 


-_ $ 4,570.00 


$ 4,570.00 
207.50 


$ 4,362.50 


$40,096.08 


(311.07) 
1,315.03 
1,486.45 


$ 2,490.41 


$42,586.49 


$ 747.78 


. $41,838.71 


> 9,372.19 


228.62 


$ 5,600.8] 
296.00 


$ 5,304.8) 


$ 4,362.50 
3,605.00 


$ 7,967.50 


992.38 


$ 6,975.12 


$41,838.71 


$10,273.17 
(6,004.69 


$ 4,268.48 
$46,107.19 


$46,107.19 





REPORT OF THE TREASURER 


COMPARATIVE STATEMENT OF INCOME AND EXPENSE 


Exuisit III 
12 Months 12 Months 
Ended Ended Budget 
June 30, 1951 June 30, 1952 1952-53 


x "C <e nt Dues—Individual . $39,113.20 $39,719.28 $39,300 

Institution: ul. Ave 6,661.00 8,105.00 9,600 

Sale of Publications. . 2,257.24 2,069.32 2.000 

Advertising 9,401.38 10,896.21 13,500 

Interest on Governme nt Bonds. 792.50 792.50 780 
ICRC 1,228.06 3,560.86 
Income —B. J. Lamme Fund. f 12.40 
ae from EJC 407.71 


$60, 317 .02 $65,563.28 
Expense: 
Annual Meeting Expense. . . $ 2,016.53 $ 2,214.34 
Cost of Publications. ...... 5 24,139.43 22,884.88 
Committees and Conferences. . . 1,153.57 658.22 
Postage, Telephone, and Telegraph 1,416.98 1,565.83 
Supplies and Sundry Printing... . 2,895.55 3,171.05 
Office Expense 80.27 - 
— nses EC AC. : 1,630.66 1,126.99 
8,379.54 1,906.17 
Offic ers’ Tr: wel Expense. , 1,694.64 2,365.99 
Secretary’s Travel Expense 1,007.73 1,878.71 
President’s Expense. . . 460.87 - 
ANON, aoe sets xs 11,018.44 12,658.51 
Bonding, Auditor’s Fees, ‘ete. Cae 486.28 321.59 
Retirement Emeritus........ 1,360.00 1,360.00 
Dues—Am. Council on Education... . . 100.00 100.00 
Contribution ECPD...... 500.00 500.00 
Miscellaneous... .. . ; 75.31 
Special Projects* 
Purchase of Typewriters... . 291.45 
Purchase of Dictaphones..... . 764.35 
N.Y. Times Reprint. . 615.71 
Committee on Improvement of Teaching... . 397.42 815.64 
Contribution EJC 407.71 
Additional Contribution ECPD. 
Purchase of Mimeograph Machine. . 1,062.84 
Credit on IBM Typewriter . ~ 
$60, 628. 09 $55, 290. 11 365, 085 
Excess of Income over Expense. . A $10,273.17 
Excess of Expense over Income a 311.07 
Transfer to (or from) ECRC Reserve $ 2,801.48 $ 6,004.69** 
Balance to Surplus (to Exhibit II). . $ 2,490.41 $ 4,268.48 








* Per resolution of Executive Board, Furniture and Fixtures are to be carried at a nominal 
value of $1, and any pure hases are to be charged as expense. 

** This transfer includes income from ECRC publications and the unused budget of the 
ECRC. It was authorized by the Executive Board, June 25, 1952, in order to give the ECRC 
an adequate reserve fund to smooth out its fluctuations in expense from year to year. 


t The audit of Receipts and Disbursements (Exhibit IV) is available from the Sec retary’s 
office. 
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West Virginia 
University 


* Allegheny 


Rose Polytechnic 
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Illinois-Indiana May, 16, 1953 


Kansas-Nebraska Oct. 24-25, 
1952 


May 9, 1953 


University of Kansas 


Detroit Institute of 
Technology 


Michigan 


Middle Atlantic Manhattan College December 6, 
1952 
April 11, 1953 


Missouri Washington University 


National Capital Area Catholic University of Oct. 7, 1952 
America 
Howard University 
University of 
Maryland 
New England Worcester Polytechnic 
Institute 


Oct. 18, 1952 


North Midwest Iowa State College Oct. 3-4, 1952 


*Ohio University of 


Cincinnati 


April, 1953 


*Pacifie Northwest Washington State 


College 


Spring, 1953 


Pacific Southwest Dee. 29-30, 


1952 


California State Poly- 
technic College 

University of 
Wyoming 


“Rocky Mountain 


Louisiana State 
University 


*Southeastern March, 1953 


Southwestern University of 
New Mexico 


Alfred University 


April 3 & 4, 
1953 

October 10-11, 
1952 


Upper New York 


Chairmay 

C. H. Cather 

West Virginia Univer. 
sity 

H. A. Moenci 

Rose Polytechnic 
Institute 

M. A. Durland, 

Kansas State Colle 

C. C. Winn, 

Detroit Institute ot 
Technology 

W. B. Plank, 
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University of 
Arkansas 
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Howard University 
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University of New 
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Towa State College 

H. K. Justice, 

University of 
Cincinnati 
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University of 
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University of 
Kentucky 

M. L. Ray, 

University of Houstor 

R. M. Campbell, 

Alfred University 


Members of the Society are welcome at all Section Meetings 


* No Date Set. 
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A Statement to the A.S.E.E. 


on 


Youth and Engineering 


By GENERAL DWIGHT D. EISENHOWER 


The United States is facing critical 
“mes, and in the coming years we must 
intelligence and technological skill of 
young people of this country. 

“Tt is true that Americans of an older 
veneration may fix the line and set the 
voals for conduet of our affairs, but it is 
iyst as true that we must depend upon 
youth to provide the sinews that will carry 
us toward those goals. 

I have spent much of my lifetime deal- 
ing with young Americans, and I feel that 
| know them well. I know particularly 
well the great initiative and good sense 
and courage they showed during the sec- 
ond World War. I know that they did 
not fail their responsibilities. I know the 
hopes and dreams they held—and still hold 
—for the future. I do not believe they 
have been dismayed despite the fact that, 
after their victory, others blundered or 
waivered and failed to make secure the 
peace for which they fought. 

The young men and women of America 
know what they want for the future. 
They want peace with honor and the op- 
portunity for initiative and self-reliance 
in the conduet of their own affairs. They 
want fair-minded and honest government 
of which they ean be proud. 

In this regard, our educational system 
is a greater and more pressing respon- 
‘ibility than ever before. It can encour- 
ge diligent awareness. It can arm us 
ith the knowledge we need to protect our 
‘redom and our economic well-being. 
Schools must fit our young people for the 
crises of our times or the freedom and op- 
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portunities of the schools will disappear 
in the ruin of all our free institutions. To 
this end academic freedom must be en- 
couraged, and that means nothing more 
than specific application of the freedoms 
inherent in our way of life. 

We Americans intend that our young 
people shall have full advantage of the 
benefits our country can offer; that they 
shall profit by our progress in education 
and health care. I am deeply concerned 
with the welfare of a free people and with 
the education and care of our children 
who one day must assume the responsibil- 
ities of preserving that freedom. We 
must work for the kind of country that 
will encourage and develop the capacity 
of parents to provide the care, the educa- 
tion, the religious background and the af- 
fection essential to full development of 
our children and our young people. 

But that is not all. Far too many 
young people suffer deprivations as a re- 
sult of inflation, high taxes, and malad- 
ministration of our affairs. We must re- 
examine our economic and social policies. 
In education we must remove hindrances 
to the exercise of parental responsibilities, 
and we must strengthen the effectiveness 
of community action where it is necessary 
to supplement home influence in the rear- 
ing of our youth. 

The federal government has both nega- 
tive and positive responsibility. So far as is 
possible it must leave the material resources 
of the country in the hands of the people or 
in the hands of state and local governments. 
But it must promote and encourage tested 
and successful methods of research and 
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education and health care—both public and 
voluntary—for the benefit of young Amer- 
icans. Much of our public effort in this 
direction has been scattered or piece-meal 
or too far removed from an understanding 
of the family, the neighborhood, and the 
individual citizen. We must strengthen 
and coordinate these efforts. We must 
encourage the alleviation of the critical 
shortage of schools. We must provide 
better trained and better paid teachers. 
We must endeavor constantly to raise the 
standard of health among young people. 

I want to do everything in my power to 
safeguard and improve the opportunity 
for young Americans. They must have 
the blessings of self-reliance and freedom. 
They must have, so far as it is within our 
power, the assurance of a secure and 
peaceful world. 

The value of engineering and engineer- 
ing education in securing this peaceful 
world cannot be overemphasized. The 
engineer has made many contributions in 
developing our national economy and our 
military preparedness program. In our 
highly complex technological society, the 


engineer is the creator of our modeyy j 
of production. His efforts ay; 


sponsible for America’s great p “tie 


capacity and industrial superiority 
During the past World “=H 
engineers and scientists create instryy 


of warfare which gave our troops x 


whelming military and _ strategic 


tages. Their tremendous accomplishmer. 


in carrying on the research, design 
production of such equipment as 


the proximity fuse, the atomic bomb, - 
submarine detection, as well as deve! oping 
superiority in airplanes, tanks, euns. an 


ships hastened the conclusion of the 


lives. 


var 


and saved untold thousands of Amerie 


Creative ability is one of America’s 


greatest assets—one which we cannot 
ford to waste. Engineers, already 
short supply, must make their contr 
tion to the nation’s welfare at their 


sapacities where their special training 


can continue to accomplish miracles of 
production—our principal weapon in de 


fending our society of free men. 





Reserve this date 


June 22-26, 1953 








ANNUAL MEETING 


UNIVERSITY OF FLORIDA 
GAINESVILLE, FLORIDA 











En gineers* 


By THE HONORABLE HERBERT HOOVER 
Ex-President of the United States 


[ was once a non-resident engineering 
professor at Columbia University and 
oave a course of lectures that had all the 
wit of ealeulus, the humor of a trilobite 
and the joyousness of thermo-dynamies. 
Somebody remembered it about ten years 
later and paid me with an honorary de- 
cree. That entitles me to be on alumni 
lists for solicitation of funds. 

Not all of you are engineers and thus 
some have not heard me declaim on that 
profession. This, then, is an opportunity 
not to be neglected even if I repeat a little. 

Men never lose the love for the profes- 
sion to which they have given years of 
their lives. The recollection of its joys is 
the more vivid if one has back-slid onto 
the slippery path of public life. 

Within a little more than my lifetime, 
the training of engineers has risen from 
apprenticeship to a trade of secondary 
technical schools, to the dignity of a Uni- 
versity-trained profession. It was the 
American Universities who pioneered the 
world in that breadth of training and en- 
lowed the profession with great dignity. 

As indicative of the distance the engi- 
neers have risen in publie repute, I might 
recall that some years ago while crossing 
the Atlantie I took my meals at the same 
table with a cultivated English lady. As 
we came into New York Harbor, at break- 
‘ast she said: “I hope you will forgive my 
dreadful curiosity, but I should like aw- 
tully to know what is your profession.” 
| said that I was an engineer. Her 
involuntary exclamation was: “Why I 
thought you were a gentleman.” 


“Given at Columbia University, November 
7, 1951. 
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Even yet the scientists look down on the 
engineers as being something earthy or at 
least very subsidiary. 

As a profession, engineering has both 
joys and sorrows. 

The engineer has the fascination of 
watching a figment of his imagination 
emerge with the aid of science to a plan 
on paper. Then it moves to realization in 
cement, metal or energy. Then it brings 
new jobs and homes to men. Then it adds 
to the security and comfort of these homes. 
That is the engineer’s high privilege 
among professions. 

The profession, however, does have 
woes. His work is out in the open where 
all men ean see it. If he makes a mistake, 
he cannot, like the doctor, bury it in a 
grave. He cannot, like the architect, ob- 
secure it by trees and ivy. He cannot, like 
the lawyers, blame it on the judge or jury. 
He eannot, like the politician, claim his 
constituents demanded it. Nor can he, like 
the publie official, change the name of it 
and hope the voters will forget. Unlike 
the clergyman, he cannot blame it on the 
devil. 

Worse still, if his works do not work he 
is damned. That is the phantasmagoria 
which haunts his nights and dogs his days. 
He goes to bed wondering where the bugs 
are which will inevitably appear to jolt its 
performance. He awakens at night in a 
cold sweat and puts something on paper 
that looks silly in the morning. 

And the world mostly forgets the name 
of the engineer who did it. The credit 
goes to some fellow who used other peo- 
ple’s money to pay for it. But the engi- 
neer, himself, looks back at the unending 
stream of goodness that flows from his 
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successes with a satisfaction that few other 
professions can know. 

Most people are not aware of it, but 
the engineer is also a political, economic 
as well as social force. 

I asserted one time that he is the fellow 
who really dissolves monopolies, redis- 
tributes the wealth, and dismantles polit- 
ical platforms. Over our history, one 
generation after another, men have been 
elected to office by being sequently “agin” 
the monopoly of canals, or railroads or 
anthracite coal or kerosene oil or slums 
or private development of water power. 
There were no doubt great evils. But I 
ask you who really remedied these evils? 
It was the engineer. He upset the canal 
monopoly with the railways; he upset the 
railways with the automobile, the airplane 
and the pipeline. He upset the anthracite 
monopoly with coke; he upset the mo- 
nopoly in kerosene oil with the electric 
light. He assured that most of the streams 
would remain as scenery by making 
cheaper power with steam. Who makes 


possible the escape from the slums? It is 


the engineer with his parkways, his 
bridges, his satellite towns. Who pro- 
vided leisure for the housewife to play 
canasta and attend political meetings? It 
was the engineer with his household 
gadgets. Sometime the engineer will be 
needed to put truth into propaganda. 
But I am getting off the track of ami- 
ability. 

I hardly need add that it was the engi- 
neer who distributes wealth by creation of 
mass production and his many other de- 
vices to reduce costs of production, and 
thereby brings the prices of a thousand 
gadgets to the level of everybody’s pocket- 
book. Thus all men become equal before 
gadgets. 

The training of engineers instills char- 
acter in those who would join its ranks. 
High ethical standards are the essential 
of all professions, engineering included. 
Technology without intellectual honesty 
does not work. Construction without con- 
sciousness soon crumbles. Those are the 
reasons you have seen no engineers before 
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the Kefauver Committee, \, = } 
headlines which these days pony fou, 
Grand Juries and District Attorneys .» 
fices. In the main, engineers » ype: 
public only to sit on juries. is 

And now after all this exposition cyrcly 
you will agree that the engineer js «, 
antidote to evil and the bearer of }Jess}; v4 
I hope you will also agree | 
worthy of your attention. 

But here we meet a great nations! 
lem. We do not have enough envineering 
teachers and we do not have enouel i 
dents to carry on the nation’s work. And 
we do not have enough research {,ciljtjes 
to assure the needed flow of new inven. 
tions and improvements. 

One reason for this shortage is that 4 
young mechanic with three years of train. 
ing, during which he is paid, can earn 


nro 
prob- 


1 


more take-home pay after taxes than ; 
young engineer with six years of trainin: 
and three years more of experience. Too 
often the financing of such training is too 
expensive for his Dad. Could not more 
“somebodies” give more scholarships to 
needy boys who are willing to put in nine 
years with little reward? 

The job of the engineer is to take the 
discoveries of pure science and convert 
them into use for the good of mankind. 
To this end he needs laboratories. 

At one time we got our inventions from 
the genius in the garret. Poverty, how- 
ever, does not clarify thought. Nor does 
it provide a laboratory. Bread and butter 
diet has been discarded as the mother ot 
invention. Today these gifts come from 
long years of organized search and experi- 
ment. Therefrom, like the cell-by-cell 
growth of plants, fact builds upon fact 
until there comes forth the blossom of dis- 
covery, the illuminating hypotheses or the 
great generalization. And finally it finds 
fruition of a multitude of inventions and 
improvements in living. And it increases 
the power of a people to pay government 
debts. 

This reminds me that there is one road 
to rapid recovery of the nation from our 
present burden of rearmament. That ' 
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.» jnerease our productive power by new 
sehnologies and new inventions. 

"And there are spiritual consequences of 
esearch. From them comes the unfolding 
¢ beauty, the ever-widening boundaries of 
thought. Here is the invocation of verac- 
1 jn a world sodden with intellectual 
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dishonesty. From its discoveries comes 
the lifting of men’s minds beyond the de- 
pressing incidents of the day. Here is 
confirmation of a Supreme Guidance in 
the Universe far above man himself. 
Today the nation needs more and more 
research and more and more engineers. 


College Notes 


(. Fred Gurnham is the new head of 
the Department of Chemical Engineering 
at Michigan State College. His appoint- 
ment was effective July 1. The 41-year- 
old chemieal engineer has more than 20 
vears of experience in industrial and edu- 
cational capacities. He came to M.S.C. 
from Tufts College, where he had headed 
the chemical engineering curriculum for 
four years. 


Cornell University students will get 
«me of their basie physics from the tele- 
vision sereen beginning this fall. Plans 
to televise experiments in the freshman 
and sophomore physies courses were an- 
nounced by Lloyd P. Smith, chairman of 
the Department of Physics. The main 
ecture room in Rockefeller Hall has been 
outfitted for the project, in which the 
Radio Corporation of America is ecoperat- 
ing. Experiments will be televised from 
the instruetor’s desk to viewing screens 
visible from all corners of the room. 


Men and women engaged in the build- 
ing industry, or preparing to enter the 
field in an administrative or supervisory 
capacity can now earn a college degree 
at Columbia University while mastering 
the principles of building construction. 
This double accomplishment is made pos- 


sible by the establishment at the School of 
General Studies, the University’s liberal 
arts undergraduate school for adults, of a 
major program in Construction Manage- 
ment. Upon completion of the 124-point 
curriculum, students receive the Bachelor 
of Science Degree. The Construction 
Management program calls upon the en- 
tire resources of the University. In addi- 
tion to a minimum requirement of 64 
points in cultural and academic courses 
that give the breadth of background desir- 
able for further professional training, the 
course of study ineludes 60 points in pro- 
fessional and specialized courses given in 
the fields of architecture, engineering, 
business, and law. 


The future bosses of business and in- 
dustry have a “house to live in” this fall. 
A modern million dollar building has just 
been opened to students of the nation’s 
first Graduate School of Industrial Ad- 
ministration at Carnegie Institute of 
Technology. Official dedication took place 
October 2 and 3. The School was founded 
January 17, 1949 with a six million dollar 
gift from the W. L. and May T. Mellon 
Foundation. One million dollars was des- 
ignated for the new building and five mil- 
lion was established as the School’s endow- 
ment. 








Minimum Mathematical Requirements fo; 


Engineering College Admission and Factors 
Which Affect This Problem * 


A Panel Discussion 


By G. C. ERNST 


Professor of Civil Engineering, University of Nebraska 


Minimum Requirements 


The Society’s published reports related 
to engineering college admission indicate 
that the minimum mathematical require- 
ments have been scrutinized frequently 
over almost a century, although they have 
not changed materially during the past 40 
to 50 years. During the later years, how- 
ever, the factors affecting the problem 
have become increasingly complex. 

The “Study of Engineering Education” 
reported by Dr. C. R. Mann in 1918 pro- 
vided the following comparison of en- 
trance requirements in mathematics, as 
typical of that period: 


Mass. Inst. of Tech. 


1870 1914 


Arithmetic A—160 hrs. 
Algebra to B—160 hrs. 
Quadraties 


Algebra 
Algebra 


Plane Geom.—160 hrs. 
Solid Geom.—160 hrs. 


The ever-increasing quantity of engi- 
neering knowledge in the various fields 
has created a desire by some to add plane 
trigonometry to the above list of entrance 
requirements, thereby permitting caleulus 
to be taught preceding college physics and 


* Presented at the Annual Meeting of 
A.S.E.E. at Dartmouth College, June, 1952. 
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also allowing additional hours for engi. 
neering courses. Certainly, there has beer 
no desire on the part of engincering ¢9). 
leges to reduce the mathematica! require. 
ments for admission, insofar as the pub- 
lished record of the Society’s activities are 
concerned. However any detailed win. 
imum requirements should be evaluated on 
the basis of engineering college need wit! 
due regard to the problems encountered by 
the secondary schools. As long ago as 
1916 (SPEE Proc., Vol. XXIV, p. 103 
Dr. C. R. Mann in a Report of a Con. 
mittee on Entrance Requirements stated 
“. . . An opportunity exists for the engi- 


Univ. of Illinois 


1914 


A—1l1 unit 
B—l, unit 


1870 


Arithmetic 
Algebra to 
Quadraties 


Algebra 
Algebra 


Plane Geom.—1l unit 
Solid and 
Spher. Geom.—1/, unit 


neering school to bring about an improve- 
ment in the matter of entrance require 
ments by not demanding a unit of this or 
a unit of that, but by demanding certain 
abilities and by defining those abilities. 
. . . If you attack the problem from that 
point of view, you have a real contribu- 
tion to make.” This is as true today as 
it was 36 years ago, and is essentially the 
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approach taken by Ferguson, Henderson, 

fjoelsher, Meserve, Schmidt, and Dick- 

yan in their “Mathematical Needs of 

Prospective Students at the College of 
Engineering of the University of Illinois,’ 
oublished by the University of Illinois. 
This publication lists the minimum mathe- 
matical needs in very specific terms, with 
s total of 97 “indispensable topics, with 
«» additional 13 topies recommended for 
dady if time permits.” It is interesting 
4) note that the topies listed in 1911 for 
Algebra 1a, 2b, Plane and Solid Geometry, 
and Plane Trigonometry in the report on 
“Definition of Subjects Presented by the 
(Committee on Entrance Requirements,” 
SPEE Proc., Vol. XIX, p. 336, corre- 
spond very closely to the 97 “indispensable 
topies” of the Illinois report of 1951 men- 
tioned above. It seems certain that the 
mathematies teacher would have little dif- 
feulty in interpreting the two lists to be 
essentially the same. 

It may be well to review the factors that 
have been found to affect the problem of 
mathematics entrance requirements. For 
convenience, they are divided into those of 
the secondary schools and those of the en- 
gineering school. 


Secondary School Problems 


A rather thorough discussion of the 
problems confronting the larger high 
schools is provided in “A Report on Math- 
ematies Preparation for Engineering Col- 
lege” by Miller and Roth, ASEE Proc., 
Vol. LIV, p. 628, 1947. In addition to the 
problems identified by Miller and Roth, 
many small high schools in the more 
sparsely populated areas are confronted 
with financial difficulties in providing 
mathematics instruction through trigonom- 
etry for the few students that might elect 
to take it. 

Summing up the various problems 
evolving from the secondary schools, we 
have briefly : 


1.A trend toward less mathematics 
combined with less emphasis on specific 
techniques, brought about by a growing 
belief that the prime function of a high 


137 


school is to educate all youth and not 
merely to prepare a relatively small per- 
centage for college. 

2. Inability to obtain and hold good 
mathematics teachers at secondary school 
level. 

3. Lack of practicability of separation 
of college preparatory students from 
others, let alone the separation of various 
college fields of study. 

4. Inability to adequately finance mathe- 
maties instruction ineluding trigonometry, 
on the part of the smaller schools. 


Engineering College Problems 
Although Engineering College problems 
have stemmed primarily from the growing 
volume of advanced technical develop- 
ments that should be ineluded in the 


4-year curriculum, there has been a sub- 
stantial number of the engineering teach- 
ing profession who have failed to under- 
stand completely either their own prob- 
lems or those of the secondary schools. 
This lack of appreciation of the entire 
question may well be the major problem. 


Stating them briefly, the problems are: 


1. The proportion of the 4-year engi- 
neering curricula at present allocated to a 
specialized department of study (approxi- 
mately 30% in the case of civil engineer- 
ing, for example) is insufficient to cover 
the necessary quantity of engineering 
knowledge. 

2. The need, on the part of engineering 
college faculties, to appreciate more fully 
the growing problems of the secondary 
school teachers in handling ever-increasing 
numbers of students, the majority of 
whom do not intend to enter college. 

3. The need, on the part of the engi- 
neering college, to make secondary school 
students, advisers, and teachers continu- 
ally aware of preparation needs for an 
engineering curricula. 

4. There is a puzzlingly large number 
of engineering teachers who depreciate 
the usefulness of mathematics higher than 
trigonometry, with the erroneous view- 
point that calculus is a higher mathematics 
for those in research and investigation. It 
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is not very encouraging to note the recent should be made available t\ , 
publication of textbooks at the junior and interested students for entering o: 
level, mechanics of material for example, an engineering career whether «y 
in which the major advantage is pre- required units in specific mathe; 
claimed to be the use of no mathematics courses have been acquired in the second. 
beyond plane trigonometry. Our editorial ary schools. This does not 

reviewers must have developed a rather science or engineering courses 
short-sighted philosophy, and it seems that taken before adequate preparation 
many engineering educators have need to mathematics but rather that the mea; 


ans to 


IM petent 





could | 





readjust their sights. obtain the preparation must be made read. 
ily available and the competent studey 
Closure urged to complete it as soon as possible, 
In closing, it appears to the writer that Furthermore a sounder understanding 
it is extremely important to keep in mind of the problems of the secondary schoo 
that we are dealing with a situation ealling seems in order, as well as a rather care. 
for far more than a mere statement of ful self-serutiny as to our own actions j) 
minimum requirements and a strict ad- demonstrating the usefulness of al! math: 
herence thereto. Every possible avenue matics ineluding the calculus. 
By B. R. TEARE, JR. 
Dean of Graduate Studies, Carnegie Institute of Technology 
It is clear that the mathematics entrance better from the standpoint of curriculy 
requirement—making the proper joint be- building. 
tween secondary school and college mathe- The significance of mathematics in the 
maties—poses an important question in admission of engineering students 
engineering education. Mathematics, in shown by the great weight attached to the 


addition to being a science of beauty and applicant’s high school record in that field 
elegance in its own right, as well as a He may stand high in a dozen different 


highly respected professional field, plays courses; but if he barely passes in athe- 
a most significant and almost unique role maties, he i is not a good risk for engineer 
as a fundamental tool for the engineer. ing. 

By means of it he thinks, and works, and Dean Everitt has precisely stated th 
learns, and moreover does these things with problem we face, and I admire the direet 


an otherwise unattainable precision and and energetic approach that he and his 
economy of effort. Almost all of the associates have made to its solution, om 
courses in the scientific technological part that goes beyond the conventional require 
of our curriculum are learned more easily ments of four units of secondary schoo 
and more thoroughly if the student has an mathematics to a study and listing 0! 
adequate command of mathematies before topics that are useful to engineering stu 
undertaking them. Consider, for example, dents. Equally important in his appro: 
the teaching of physies without making is the cooperation that is being built 
use of calculus. It can be done, but it with secondary schools. 


proves to be most wasteful of effort com- Moreover I am sure that something 
pared with the teaching of physies after more than the specification of four units 
even a little understanding of derivatives is needed if engineering freshmen are 
and integrals. And the same is true of begin with analytic geometry and do w 


engineering courses. Thus it is desirable in mathematics. At our institution we have 
to have the student acquire an appropri- had some experience that bears on this 
ately substantial background in mathemat- point. Some ninety per cent of our tres! 
ies as early as possible; the earlier the men are admitted with four units, inclu’ 
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¢ two of high school algebra and one- 
waif of trigonometry, and for some years 
ve have regularly and to good advantage 
sxeused the best of these students—about 
one-eight—from the normal first semester 
of mathematies, which is a review and ex- 
ension of college algebra and trigonom- 
ary. Then, in an effort to move gradually 
‘ward a curriculum beginning with ana- 
iytie geometry, we increased the number 
jimitted directly to that course but found 
that the chief result was an increase in the 
number of students who performed poorly 
in mathematies. So we returned to our 
original procedure and tentatively decided 
that as far as our students and our par- 
ticular course in analytie geometry are 
concerned, a conventional entrance re- 
quirement of four units does not by itself 
vyarantee an adequate background for a 
curriculum beginning with analytic geom- 
etry. It may be that we shall find a satis- 
factory solution if we begin with a dif- 
ferently planned course in analytic geom- 
etry, one that allows time for a brief re- 
view of topies in algebra and trigonometry 
as and when they are needed. 


Or it may be that our problem will be 
solved by thinking in terms of needed sub- 
ject matter as Illinois does, and by join- 
ing with other engineering colleges in 
enlisting the cooperation of secondary 


schools. It is a fact that the Pittsburgh 
and Allegheny County Schools have shown 
agreat willingness to be helpful. 

It would be of interest to learn the ex- 
perience of other institutions which for 
some years have successfully started with 
analytie geometry. 


Emphasis on Genuine Understanding 


Our experience also points to the need 
for another kind of emphasis in pre-col- 
lege mathematies, beyond that on specific 
topies of subject matter. I mean an em- 
phasis on genuine understanding, an un- 
derstanding so thorough that the mathe- 
matics learned can be used in real situa- 
tions, in situations new to the student, and 
in further learning. This level of under- 
standing, even modestly interpreted, does 
not on the whole seem to be typical of 
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entering freshmen. It is unfortunate that 
many high school students are more in- 
terested in passing an examination than in 
building a solid foundation for a profes- 
sional career. Existing conditions were 
vividly described by the late, beloved Pro- 
fessor Hedrick in a talk on the same sub- 
ject as ours this morning and given at the 
same kind of general session of an ASEE 
Meeting eleven years ago. He went on to 
urge that soft habits of thinking be dis- 
carded and that standards of performance 
be raised. I am sure that Doctor Hed- 
ricks’s advice is still appropriate, and in 
view of the significance of mathematics in 
both education and professional work, its 
teaching for depth of understanding is es- 
sential and indeed is of even greater im- 
portance than coverage of subject matter. 
To be really useful to the professional en- 
gineer his secondary school mathematies 
must stay with him all his life, and on it is 
built not only his college education, but 
also the considerable learning that he 
achieves for himself after formal studies 
are ended. 

The foregoing has stressed the need for 
sound secondary school education in math- 
ematics, and, by implication at least, the 
need for equally sound mathematics in the 
engineering curriculum itself, and as early 
as possible. However we engineering 
teachers who urge our colleagues in mathe- 
maties at both college and secondary school 
levels to do a good job and to coordinate 
their activities for maximum performance 
must recognize that there is a reciprocal 
obligation on our part, that of making full 
use of the mathematics preparation in our 
own later courses. All too often engineer- 
ing courses at junior and senior levels do 
not take full advantage of mathematies. 
I recall that one teacher, some years ago, 
prided himself on being able to teach al- 
ternating current circuit theory without 
using even calculus! And in other sub- 
jects teachers and texts frequently go to 
great lengths to avoid integrals by using 
average values which, to make matters 
worse, are not always clearly defined. 
Surely this is indefensible either as good 
education or in the light of what we are 
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trying to achieve in mathematies. If on 
the other hand, we use mathematies to the 
fullest extent, we not only strengthen our 
instruction, but also, because of improved 
efficiency, we may save some of the time 
we need so badly for other purposes in 
the curriculum. 


Coordination is Needed 


Let us consider some of the things that 
ean be done to promote efficiency and 
optimum learning of mathematics. Co- 
ordination between courses is indicated, in 
fact several kinds of coordination. In the 
first place inadvertent duplication should 
be avoided, although it is clear that there 
is a place for planned and carefully 
handled repetition of subject matter. 
Timing should be arranged so that fun- 
damental principles and techniques are 
learned before they are needed elsewhere. 
The content should be limited to what will 
be useful in later learning. More subtle 
and perhaps even more important is plan- 
ning the character of instruction in mathe- 
maties with an eye to its future use in 
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other courses and in post-college Jeary, 
And finally, something should he doy, 
insure that mathematics wil] be yo) :, 
other courses in such a way as to strenor, 
and deepen the understanding of ts 
content, and increase the capacity of th, 
student to use fundamental principles is 
knowledge to go beyond existing ; 

These kinds of coordination are wore 
out at college level at Carnegie Tech by 
our Basie Course Committee on whi 
all the departments concerned are repr. 
sented. It has helped bring about close ¢ 
operation between mathematics and eng) 
neering departments, and has contribyte 
significantly to the revision of our mathe. 
maties courses. 

The cooperative development, as fay gs 
possible, of these same kinds of interrelg 
tionships between secondary school ani 
college mathematics may help in solving 
the problem we are considering this :ory. 
ing. Indeed the activity that Dean Eyerit 
has reported is a notable step forward, 
and I hope that this meeting and the dis- 
cussion that it generates may point the 
way to further achievement. 


] ‘ 
cone 


nract 
Practice 


By DR. ROGER B. SAYLOR 
Principal, Barringer High School, Newark, New Jersey 


I am quite certain that most of us are 
in agreement that every candidate for an 
engineering education should have eredit 
for at least two years of algebra and it 
would be highly desirable to have taken 
advanced algebra too. He should have a 
year of plane geometry as well as a course 
in trigonometry and one in solid geometry. 
I am told that perhaps the solid geometry 
is the least valuable of all of these courses. 
I believe, however, that the course in solid 
geometry should enable the students to get 
a better concept of spatial relations. 
Even this gain in the spatial relations con- 
cept can be greatly improved by several 
courses in general shop work and in 
mechanical drawing. 

It is most necessary that the secondary 
school pupils be not only exposed to these 
courses but that they gain a high degree of 


mastery. To gain this mastery they need 
to go far beyond the work in just mathe- 
matics. The command and the mastery of 
English is most important. Too often 
pupils fail to master problems not becaus 
of their inability to do the necessary math. 
ematical work but because, through care- 
lessness or lack of word understanding, 
they have not interpreted their problems 
correctly. It is most important that th 
students first determine the aim and ob- 
jective of the problem presented and then 
organize the data carefully and system- 
atically so that the logical solution wi! 
follow. I always remember the story oi 
the father who took his son to hear a grea! 
man lecture. Upon returning home the 
father asked his son, “Son, how did you 
enjoy that great man’s lecture?” The son 
replied, “Was he a great man? I could 
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onjerstand every word he said.” Definite 
jerstanding and interpretation is most 


important. ‘ 
During the secondary school life of the 


éndent he or she has been under the care- 

‘| counseling of trained guidance teach- 
ws, The pupils have been studied and 
helped in every possible way so as to de- 
velop their special talents and to give them 
nany opportunities to be introduced to 
gelds of work new to them. In the city of 
\owark, New Jersey, we no longer offer 
special courses such as the College Pre- 
naratory, the General, the Secretarial or 
other commonly named courses. We have 
adopted “Patterns of Study.” Every pu- 
pi] is given a pattern which we hope will 
meet his or her special needs in life. As 
the secondary pupils grow and develop 
they mature in many different ways. 
Some mature late and some mature early. 
In each ease we try to meet the needs of 
these pupils. For those who mature early 
ye attempt to enrich their programs so 
that they will be challenged educationally. 
Not infrequently you can find these pupils 
doing work which is of a calibre far be- 
yond that expected of a high school pupil. 
We secondary school people believe that 
every child should be given the full op- 
portunity to spend four years in a sec- 
ondary school. We believe that those who 
do remain in high school for the four years 
enter college with a maturity which will 
enable them to grow rapidly in college. 
We realize the responsibility that this 
places upon the secondary schools. The 
great shortage of future engineers and 
the apparent failure of some secondary 
sxhools has prompted certain foundations 
to try to entice promising pupils to leave 
high school at the end of the sophomore 
year and enter college at that time. 

If the present experiment of recruiting 
engineering students from the sophomores 
of high school continues then a great deal 
of the responsibility of the high schools 
will be transferred to the colleges. Up to 
the present time, I do not believe that the 
colleges have adequately prepared them- 
selves for this responsibility. The transi- 
tion from high school to college, from the 
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home to the dormitory, from associates 
largely of their own age to older associates 
is a serious one. Our records show that 
many high school graduates with fine ree- 
ords frequently do quite poorly in college 
for the first term or possibly the first year. 
This is unfortunate for there should be a 
high correlation between the work of the 
freshman in college and the work he did in 
high school. For the student who finds 
himself early, there is a high correlation. 
I could cite definite instances of eases 
within the last year to prove my point. 
The matter was so serious that the head of 
my mathematies department checked very 
carefully with the head of the mathematies 
department of the college in question to 
try to solve the problem. In another 
ease at a different engineering college, I 
wrote to the boy in question and was able 
to help him find himself so that now he is 
doing very good work. 

Colleges today are realizing that the 
mere accumulation of facts and formulas 
is not as important as the ability to under- 
stand and apply the facts and formulas 
given to them. The interpretation of 
graphs and the summary of facts is most 
important. I believe the College Board is 
revising its tests along these lines. 

There is another factor, too, which will 
be of great influence on the future engi- 
neering students. Th cost of living has 
advanced but the salaries of teachers has 
not kept pace with this advancement. 
Good science teachers can earn much 
higher salaries in industry than they ean in 
teaching. In our own city we find it dif- 
ficult to attract good science men to take 
our competitive examinations even though 
we probably pay the highest salaries in 
the United States for regular teachers. 
Industry will find it necessary to subsidize 
good teachers and good schools. I am 
pleased to say that there are signs of 
progress in this direction. More scholar- 
ships are being offered to promising young 
students and a number of companies are 
offering free summer work to mathematics 
teachers and to teachers of science so that 
they will be informed of the latest ad- 
vancements in mathematics and in science. 
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Let us recognize the facts that the 
courses in mathematies presented as en- 
trance credits are far from the answer 
to the problem of our panel discussion. 
Home background, influence of teachers, 
the type of community in which the child 
lives, and many other factors greatly in- 
fluence the future of these pupils. Not 
long ago I heard Dr. Bowles of the Col- 
lege Board discuss the work of the Board. 


MINIMUM MATHEMATICAL REQUIREMENTS FOR COLLEGE 


He told us how many of the potensian, 
eapable and “good engineering e)).. 
risks” did not find their wa 
I have not lost faith. I an 
if all of us work together with 9 mytyp 
understanding of our problems woe » 
continue to turn out “products” from oy» 
secondary schools and from | . 
who will keep pace with and ¢ 

the needs of our industrial age. 


COllege 


) COLllep—e 


By PAUL D. COLLIER 


Chief of the Bureau of Youth Services, State Department of Educatio 
Hartford, Connecticut 


I will begin this discussion by raising a 
question. What should be the qualifica- 
tions of students sought by Engineering 
Colleges? In the first place, they should 
have high scholastic aptitude as measured 
by standard tests. In the second place, 
they should have a broad basic general 
education. They should also have an ad- 
vanced maturity of purpose developed 
through a thorough exploration of their 
interests and abilities. These students 
should have effective study habits enabling 
them to make the best possible use of their 
time and energy. It is highly important 
that they have physical stamina and emo- 
tional stability. These qualifications are 
necessary for success in other fields of 
study as well as engineering. In addition 
to the above qualifications, students seek- 
ing admission to Engineering Colleges 
should be able to present good records in 
those areas on the high school level known 
to be basic in the education of an engineer. 
There are several of these basie areas but 
the one under consideration is mathemat- 
ies. While records must be good in terms 
of time spent and areas covered, should 
the College of Engineering require that a 
specific amount of time be spent and def- 
inite subjects be completed before the stu- 
dent may be admitted? Before answering 
this question, I wish to diseuss another 
point. 

If the prospective engineering student 
possesses the above qualifications, then in 
my opinion the following principle should 
be accepted and applied: “It is the re- 


sponsibility of the receiving sclioo! or eo). 
lege to make the adjustment necessary t 


‘gear the student into a satisfactory, chal. 


lenging, on-going program.” 
ciple calls for a program tailored to the 
student’s needs and abilities. This prin. 
ciple should apply wherever a learner js 
transferred from a lower to a higher 
school. 


[his prin- 


This seems to be the best answer 
for the individual student. 


Specialization 


It is now time to raise another difficult 
question. When should high schoo! pupils 
begin their programs of specialization or 
majoring? Certainly, there is no partic 
lar grade where this should happen for all 
pupils. The emergence or development of 
dominant interests and purposes are de- 
termining factors. What is recommended 
for some pupils will not be satisfactory 
for others. Earmarking all or a majority 
of pupils at the beginning of the ninth 
grade for vocational or college prepar:- 
tion cannot be justified. This common ad- 
ministrative practice generally weakens 4 
sound broad program of common leart- 
ings or general education needed by youth. 
Such a practice cannot be justified in the 
light of social and economie conditions. 
There is no need to speed up special- 
ization except in unusual circumstances 
where pupils must prepare to earn a li 
ing at an early age. Even in these cases 
the manpower needs of the country woul 
not be served through faulty or inadequate 
general and vocational education of eat!y 
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«hoo leavers. In forcing early begin- 
sings of specialization or majoring, the 
veriod for exploration is shortened, result- 
‘og in less maturity for wise choices in the 
.jucational program. Counselors and ad- 

«sors are foreed to “box the compass” 
shen the time for beginning specialization 

is fixed by administrative decree. Inter- 

ts and motivation are dulled when early 
shoes of program prove to be unsatis- 
jctory. This results in pupils not work- 
ng up to eapacity which encourages the 
ievelopment of time-wasting habits. If 
olleges insist on set patterns of prepara- 
ion, they may be unwittingly prolonging 
‘he shortcomings resulting from beginning 

specialization too early. 

One of the greatest barriers to fune- 
ional education on the high school level 
- the fear of college entrance require- 
ments. Let me define what I mean by 
functional education. Functional educa- 
tion must be designed for use here and 
now. It must prepare the learners to face 
ineseapable responsibilities in life as work- 
ers, citizens and home members. It must 
telp them solve their personal problems 
as well as the real problems facing the 
society in which they live. 

A functional program of education is 
dificult to achieve unless the curriculum 
organization permits and encourages the 
problem approach, the unified subject ap- 
proach to some extent and some pupil par- 
ticipation in planning. I am convinced 
that the colleges should encourage the de- 
velopment of functional programs in the 
secondary schools. I believe those stu- 
dents who have a more functional educa- 
tion in the secondary school will be more 
velf-directive and more mature to do col- 
lege work. 

Some of the most promising improve- 
ments in edueation are coming as a result 
of inereased understanding of the learning 
process and more effective instructional 
procedures. We should avoid cramping 
the development of the “American Proe- 
ess” in edueation by insisting on instrue- 
tional approaches and curriculum organ- 
ization which are too formal, in fact 
outmoded 
With the above background, I will now 
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give attention to the field of mathematies. 
We scare pupils with subjects in mathe- 
maties that follow arithmetic on the high 
school level. Actually, we ought to em- 
phasize the similarities, the kinship of 
arithmetic to all other subjects in mathe- 
maties offered in the high school. We 
should carefully identify and analyze the 
competencies of pupils in mathematies as 
they move from a lower to a higher school 
and as they approach the time for select- 
ing a new subject in mathematics for 
study. Necessary adjustments should be 
made, involving review and tying in the 
new subject with work previously covered. 
Mastery and memory are aided in apply- 
ing mathematics in solving practical prob- 
lems. 

All fields of endeavor, which apply 
mathematics should contribute real prob- 
lems to be used in the high school pro- 
gram. Can engineering be a more fruitful 
souree in the future, and contribute real 
practical problems? Textbooks and cur- 
riculum guides are recognizing applica- 
tions in a great variety of situations, but 
much remains to be done before a truly 
functional program is adopted. Again, it 
should be emphasized that time would be 
saved through aids to mastery and mem- 
ory if a more functional program were 
adopted. Engineering, undoubtedly, has 
a tremendous contribution to make in this 
respect. Problems submitted would affect 
the teaching of all the mathematics that 
ean be offered at the high school level. 


Time Factor 


The secondary school program is 
crowded. New demands for time allot- 
ments are constantly being reviewed by 
principals and faculties. One of the most 
difficult issues faced today concerns the 
allotment of time to the growing number 
of curricular and extra-class activities 
which are being scheduled in the seeond- 
ary school Allotments of time should be 
determined on the basis of relative values 
within the purposes of the school. Since 
there is keen competition for time, the ef- 
fective use of time is paramount. Time- 
serving rather than attaining competency 
too often seems to be a major goal. The 
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Carnegie Unit which requires time serving 
holds the secondary school schedule in a 
straight jacket. In mathematics generally 
required for admission to engineering one 
period for each of 720 days is at present 
required. Experiments have shown this 
to be a waste of time. In two Connecticut 
schools, it has been easily possible for good 
mathematics pupils to complete first-year 
algebra in ninety days. Time undoubtedly 
could be shortened in algebra II, plane 
geometry, solid geometry and trigonom- 
etry for capable pupils. Probably the 
four years mathematics could be com- 
pleted in fifty per cent of the time now 
used. This possibility has many implica- 
tions. 

With a realistic appraisal of the poten- 
tialities of capable students of mathemat- 
ies in high school, many statements com- 
monly accepted should be challenged. For 
example, the following statement is not 
true: “Unless a pupil takes mathematics 
in the ninth and tenth grades, he cannot 
qualify for admission to a college of engi- 
neering.” Capable pupils can do more 
and in less time in the field of mathematics 
than is now considered possible. It is also 
assumed that it will take more than four 
years to graduate students from an Engi- 
neering College, who offer less than the 
usual four years of high school mathemat- 
ics for admission. This would seem false 
to me owing to reasons already stated. 
Time serving may be traditional at the col- 
lege level also and without valid justifica- 
tion. The fact that gifted and near-gifted 
youth are not being adequately challenged 
in secondary school is well known. It is 
also probably true that they are not being 
adequately challenged in college. 

To solve the problem of establishing 
competence to begin to learn engineering, 
by standardizing the time and subjects re- 
quired, seems unworthy of intelligent pro- 
fessional people. However, this type of 
thinking and action dominates the senior 
high school schedule. It also controls the 
ninth grade in the junior high school. Ex- 
perimentation is necessary on the local 
level to convince many principals and 
teachers that the Carnegie Unit is blocking 
some of the better developments in cur- 


MINIMUM MATHEMATICAL REQUIREMENTS FOR COLLEGE 


riculum improvement and administra... 
of the secondary school. 


Conclusion 

In summary, I would like to make: 
following statements for your consider 
tion: ji 

1. The qualities of high intelligence, , 
vanced maturity, definiteness of purpos 
effective study habits, physical stam) 
and emotional stability are necessary {9 
success in college. 

2. Prospective engineering 
must make good records in mathemati« 
on the high school level in proportion ; 
the time spent in this field. 

3. If a student possesses marked poter 
tialities for engineering, it is the respoy 
sibility of the college which accepts him 
to tailor his program to mesh with his 
previous preparation in mathematics, 

4. Earmarking pupils for beginning 
specialization or majoring on the ninth 
grade level should not be the result of a) 
ministrative decree, or control of subject 
patterns by higher institutions of learning 


Students 


5. A balanced program, including both 


common learnings and _ specialization, 
should be developed for each pupil on 
the high school level. 

6. The fear of college entrance require. 
ments set up in terms of Carnegie Units 
is delaying the development of functional 
education in the secondary school. 

7. Mastery and memory in mathematics 
increase as the curriculum in this area 
becomes more functional. 

8. The present time allotments required 
in the field of mathematics on the second- 
ary school level are wasteful and do not 
sufficiently recognize or challenge the abil- 
ities and interests of the pupil. 

9. Required mathematics on the high 
school level serves two major purposes; 
first to aid pupils in solving practical 
problems of living and second to help de- 
termine their potentialities for developing 
mathematies as a tool in higher education 

10. Engineering colleges should consider 
entrance requirements in mathematics 1 
terms of competencies for time spent a 
an alternate for requiring specific Car- 
negie Units. 





The Role of Sponsored Research in Training 
Research Personnel * 


By RALPH A. MORGEN 
Program Director for Engineering, National Science Foundation 
tudents If there is one point that appears clear vide an environment that will encourage 
in the report of the Industrial Research them to maintain this level. This implies 
Institute survey it is that there is no that the staff will have time for profes- 
unanimity of opinion. On the other hand sional development in addition to the 
there are some general trends and opinions — teaching of undergraduate courses. Pro- 
which seem to be favored by the great fessional development might include ac- 
majority of those who answered the ques- tivities, such as (a) academie research, 
tionnaire. (b) industrial consulting work, or (c) in- 
This diseussion is to cover the topic of dustrial employment during summers and 
“The Role of Sponsored Research in on sabbatical leaves. 

Training Research Personnel.” The an- 2. A second function of the engineering 
swers to the questionnaire on the subject college of a university, in addition to the 
of “University Connected Research In- teaching of undergraduate curricula, is to 
stitutes” showed a sharp division of opin- extend the frontiers of knowledge through 
ion as to whether or not such institutes research. This function implies that at 
were desirable. Since most of the insti- least a portion of the regular staff must 
tutions which have affiliated research in- have the desire, time and funds to conduct 

stitutes conduct their sponsored research engineering research. 
through those institutes it is appropriate 3. A third and increasingly important 
to assume that there would be a similar function of an engineering college of a 
divided opinion on the whole subject of university is the development of a gradu- 
sponsored research. ate program for the training of students 
It is therefore pertinent to this diseus- beyond the baccalaureate degree. It would 
sion to review very briefly what it is that 4ppear that in engineering and the other 
an engineering college connected with a physical sciences the nation needs about 
university attempts to do. twenty persons trained at the masters level 
and about five persons trained at the doc- 
1, There is unanimous opinion that each tora] Jevel for every one hundred trained 
university should have the best possible at the baccalaureate level. As the com- 
undergraduate curricula in the various en- plexity of the technological world in- 
gineering areas in which it is interested. creases it is quite probable that the per- 
n order to maintain this high level under- centage of advance degree persons needed 
graduate teaching program the university —_wi]l increase compared to the need for first 
must employ competent teachers and pro- degree level engineers. Dean Hollister, 
* Presented before the E.C.R.C, June 21, President of the American Society for En- 
1952, gineering Education, has pointed out con- 
The statements are those of the author sistently during the past year that the 
and do not necessarily represent the policy bottom of the manpower barrel is being 
of the National Science Foundation. scraped for prospective engineering stu- 
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dents. Therefore, it is going to become 
increasingly important that engineers are 
educated to the highest possible level. 
More graduate work is needed to achieve 
this objective. 

4. A fourth obligation of an engineer- 
ing college connected with a university is 
to conduct some developmental research 
with particular reference to the resources 
of the area in which the university is 
located and toward the well-being of those 
industries which exist in the university’s 
immediate area. This is particularly true 
of those institutions which have received 
appropriations for an engineering experi- 
ment station. 


In addition government-sponsored re- 
search in the interest of national defense 
should be undertaken for the benefit of 
the nation as a whole. Each institution 
must decide for itself how much of this 
kind of work it should do depending on 
the availability of staff and facilities. 

It is obvious, therefore, that an engi- 
neering college should conduct two types 
of research; one which shall be called 
“fundamental” simply for want of a better 
word, and the other shall be called “de- 
velopmental,” again for the sake of lack 
of a better word. In many eases the “de- 
velopmental” type of research might be 
called basic research by one group and not 
be considered basic by another. By the 
the same tenets some of the “funda- 
mental” research might not be considered 
really basic research by one group or an- 
other. 

For the sake of this discussion the 
“fundamental” research shall be consid- 
ered dimensionless as far as time and eco- 
nomics are concerned. In other words, it 
will be a research problem to advance the 
field of knowledge in which the research 
worker happens to be interested and which 
has no direct objective as to when the 
work must be completed, nor as to whether 
or not the end of the work will result in 
an economically sound process, product or 
machine. Since fostering this type of re- 
search is one of the prime obligations of 
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a university, funds must be «} 

this type of research from | 

several sources. Certainly a | 

the research of this type shou! 
ported by the university out of jt 
regular funds as part of its ordinary fun. 
tions. s fi 
various private sources ean be expected + 
supplement funds needed to suppor 
type of research. The Nationa! 
Foundation is the agency of ¢! 
Government which is specifically empoy. 
ered to encourage and finance this kin 9! 
“fundamental” research. 

However, it is clear that if a1 
ing college is to discharge its | 
properly it must conduct some “<j; 
mental” research which, for the purpos 
of this discussion, will he distinguished 
from the “fundamental” program by the 
fact that the dimensions of time and dol. 
lars will be an integral part of the pro- 
gram. Since engineering per se is the 
application of scientifie knowledge to the 
use of man, it is obvious that that ap- 
plication must be done in a reasonable 
length of time and at a price which a suf. 
ficient number of people can affori to pay 
in order to make the product, process or 
whatever it is, worth producing. 

It is obviously to the advantage of th 
engineering students to have both types 
of research in operation at the same in- 
stitution so that the students may become 
familiar with and have the opportunity to 
become proficient in the two types of re- 
search. It is not necessarily assumed that 
the same student will conduct research in 
both areas during his graduate program 
but he will have the opportunity to at 
least choose between them. Whichever 
program he chooses to follow for his own 
work he will have some acquaintanceship 
with the other program through associa- 
tion. The “developmental” type of re- 
search should not be done with the uni- 
versity’s regular educational fund but 
rather through contract with agencies 
which desire to have the work done for 
a specifie purpose (or through engineer 
ing experimentation station funds). Those 
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; might be industrial concerns with 
a specific problem in mind for which a 
lution is desired or they might be federal 
agencies, such as the Department of De- 
fense, with specific end-aim objectives in 
geht. In each ease the factor of time and 
dollars would be an integral part of the 
program. 

" There are some who would say that this 
latter type of program should not be done 
on a university campus. Exception is 
taken to that point of view as long as the 
developmental program continues side by 
side and complimentary to the funda- 
mental program and not in lieu of it. 

This type program is defined for the 
purposes of this discussion as “sponsored 
research.” For this type of research there 
are four very distinct advantages on the 
credit side of the ledger, both for the 
members of the staff engaged in the pro- 
cram and for the graduate students who 
are associated with the program. (Paren- 


agencie 


thetically it should be said that very often 
research of this type is not satisfactory 
for graduate students to conduct for thesis 
purposes but does supply a source of in- 


come which makes it possible for the grad- 
uate student to remain in school.) These 
advantages are: 


1. REPORTS are an integral part of 
any “sponsored” research program. There 
is no better training ground for the writ- 
ing of clear, concise, engineering reports 
than to engage in a reseach and develop- 
ment program which requires the person- 
nel to write the results of the experimental 
program. The report must be written in 
such form that it will be useful both to 
the technical personnel and to top manage- 
ment who might not be technically trained. 

2. A sponsored research program usu- 
ally specifies a specific TIME at which 
certain definite objectives must be achieved. 
While this sort of time factor often affects 
adversely certain types of fundamental 
research the experience of meeting a dead- 
line is a very good one for a graduate stu- 
dent to achieve early in his career. 

3. The industrial sponsor of a research 
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program usually has a DOLLAR and 
CENTS ultimate objective. In the truly 
fundamental program the kind of material 
used, the life of the mechanism, the num- 
ber of man hours involved in production 
are considered only minor factors if con- 
sideration is given to them at all, whereas 
in the sponsored program these factors 
often become the dominant or controlling 
factors. An appreciation of the dollar 
value of a research program is a very im- 
portant consideration in the training of 
graduate students as well as achieving the 
objective of the sponsored research pro- 
gram. 

4. The discipline of working for a spe- 
cifie goal where the “END-AIM” of a re- 
search program is established before the 
work is started is another most important 
lesson for a graduate student to learn. 
This lesson can be applied well in a spon- 
sored research program. 


At the same time that these advantages 
are being discussed certain inherent dis- 
advantages in a sponsored research pro- 
gram must not be overlooked. Some of 
the disadvantages that have been men- 
tioned are: 


1. There is a danger that the staff and 
the graduate students might slight the 
more basic and more fundamental research 
programs in favor of the developmental 
type of program. 

2. There is a similar danger that a uni- 
versity will take on a sponsored research 
program as an overload for the staff and 
thereby decrease the efficiency of both the 
sponsored research program and the regu- 
lar academic program. 

3. There is the ever-present danger that 
a sponsored research program will tend to 
bring the factory atmosphere into the uni- 
versity, with a consequent loss to the aca- 
demie atmosphere. A judicious compro- 
mise is hard to maintain. It would ap- 
pear, therefore, that there are four very 
important reasons why sponsored research 
should be part of an engineering college 
program. On the other hand, there are 
several dangers and disadvantages to such 
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a program on a college campus. It is be- this country. It is agreed by aj) tho « 
lieved that the advantages far outweigh engineering colleges must participate 
the disadvantages and that a properly _ this long range fundamental peseay,), 
enlightened university administration can gram. On the other hand, it ; al 
prevent the disadvantages from becoming portant that the graduate students }, 
dominant. aware of the time factor and the , ; 
factors involved in industrial researc}; yy 

It is agreed by all that a fundamental grams. This result can be achieve, 
research program on the college campus is the proper ratio of sponsored 1 
essential for the long term well-being of academic research. 





Now Available .. . 


Reprints of the Report of the Committee on Improvement of Teach- 
ing which appeared in the September, 1952 Journal of Engineering 
Education. Checks and orders should be sent to the Journal of Engi- 
neering Education, Northwestern University, Evanston, Illinois. The 
price is 10¢ per copy in quantities under 100, 05¢ per copy in quantities 
over 100. 

















Report of Committee on Atomic Energy 
Education 


The Committee on Atomic Energy Edu- 
«ation of the American Society for Engi- 
veering Edueation was appointed in the 
pring of 1950 by Dean Thorndike Saville, 
at that time President of the Society. The 
original committee was composed of the 
Chairman and Seeretary and five members 
chosen from a list of candidates submitted 
by officials of the Atomie Energy Commis- 
jon at each of its major installations. 
The Atomie Energy Commission at the 
same time designated one of its staff mem- 
hers at each major installation to be an 
AEC representative for the region and to 
cooperate with the local member of the 
ASEE Committee and with the subecom- 
mittees, which were to be appointed by 
these members from staffs of engineering 
colleges in their region. The original 
Committee was composed of the follow- 


ing: 


Dean Robert C. Ernst, University of 
Louisville 

Dean Ovid W. Eshbach, Northwestern 
University 

Professor Henry B. Hansteen, College 
of the City of New York 

Dean Morrough P. O’Brien, University 
of California 

Dean Harold E. Wessman, University of 
Washington 

Henry H. Armsby, U. S. Office of Edu- 
cation, Chairman 

Dr. Philip N. Powers, Atomie Energy 
Commission, Secretary 


The only change in the personnel of this 
Committee has been the replacement of 
Dr. Powers as Secretary by Dr. Alberto 
Thompson of the headquarters staff of 
AEC. 

At the first meeting of the Committee 
in June 1950, it was decided that the pro- 
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gram could be most effectively conducted 
through regional subeommittees to be ap- 
pointed by each of the five members of the 
main Committee. The Committee outlined 
the following five objectives to be sought 
through the cooperation of the regional 
subeommittees with AEC and its contrac- 
tors: 


(1) To evaluate the responsibilities of 
engineering education in aiding the 
growth and development of the 
atomie energy industry and to de- 
termine what there is in the de- 
velopment of nuclear engineering 
which can be used to enrich and 
strengthen engineering education. 
To assess the over-all needs for 
engineers with special training in 
nuclear energy. 

To explore with AEC and its con- 
tractors subjects or fields for re- 
search which may be carried out 
by graduate students or engineering 
faculties. 

To define the needs of educational 
institutions with respect to instrue- 
tional materials (a) for the modifi- 
eation of existing courses in basic 
sicence and engineering, (b) for 
the modification of standard engi- 
neering curricula, and (ce) for ad- 
vanced training of engineers plan- 
ning to specialize in nuclear energy. 
To formulate plans for facilitating 
the flow of needed information re- 
garding such instructional materials 
to the engineering schools. 


The subcommittees have been appointed 
and have been active, having held a num- 
ber of regional Conferences. The main 
Committee has held two meetings subse- 
quent to its first one, and has maintained 
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close liaison with AEC officials, and 
through the subcommittee members with 
the institutions. At least three develop- 
ments of general interest to the Society 
have grown out of the activities of the 
main Committee : 


(1) the bibliography “Nuclear Science 
in Engineering Education,” which 
was prepared and published by 
AEC in accordance with sugges- 
tions made by the Committee, 
the highly successful summer sym- 
posium which was held at Oak 
Ridge last summer by the Oak 
Ridge National Laboratory and the 
Oak Ridge Institute of Nuclear 
Studies and sponsored by ASEE 
through this Committee, and 
the “Sourcebook on Nuclear Engi- 
neering,” suggested by our Commit- 
tee, which has been approved by 
the Atomic Energy Commission and 
will be written by Dr. Glasstone, 
the Editor of the famous “Source- 
book on Atomie Energy.” 


At the Dartmouth meeting of ASEE in 
June 1952 the Committee sponsored a 
program which was attended by approxi- 
mately one hundred and sixty persons, 
who evidenced great interest in the pro- 
gram. The program consisted of (1) a 
report from the secretary of the Commit- 
tee on the April meeting of the steering 
Committee, (2) a paper by Dean Ernst, 


REPORT OF COMMITTEE ON ATOMIC ENERGY EDUCATION 


discussing and listing th, 


courses bearing applications nu 
energy which are being conducted jy « 
neering colleges, (3) a paper } , 
McLenegen of the General Electric Co, 
pany under the title “The Education ,: 
Nuclear Engineers as Seen by ; 
Contractor,” and (4) an infory 


U. S. Atomie Energy Commissioner. ir 
which he presented informally the more 
significant parts of the staff paper py. 
pared by the AEC technical staff for the 
use of the Commission in formulating q 
policy with respect to supplying nue 
reactors for engineering colleges 
missioner Glennan asked the audience to 
consider themselves as temporary membey 
of the Commission and to express to bin 
their opinion as to a desirable policy for 
the Commission to adopt. The discussion 
following this presentation was very ae- 
tive and the “temporary Commissioners” 
made recommendations to Commissioner 
Glennan which he undertook to transmit 
to the Commission for its consideration. 

Copies of the papers by Dean Ernst and 
Mr. MeLenegen will be sent to all Deans 
of Engineering Schools and to al! members 
of the ASEE subcommittees. 

The Committee recommends to the of- 
ficers of the Society that the Committee be 
continued, but with a rotation of members 
and chairman. 

Henry H. Armssy, Chairman 
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Lamme Award 


The Committee on Lamme Award is al- 
says anxious to get nominations for the 
ward from the membership of the So- 
“ety. Any member may place a name 
» nomination; the selection will be made 
be the Committee by letter ballot. 

‘The Lamme Award consists of a gold 
edal and bronze replica bestowed an- 
wily upon a distinguished engineering 
aueator for excellence in teaching and 
ontributions to the art of teaching; con- 
sributions to research and technical litera- 
‘re; achievements which contribute to the 
aivancement of the profession; and engi- 
neering administration. The Lamme trust 
fond was established in memory of Ben- 
iamin Garver Lamme. 

Until January 15, 1953, the Chairman 
will receive formal nominations from mem- 
hers of the Society. It is very desirable 
that nominations be accompanied by a 
brief statement made according to the out- 
ne suggested below. 

A number of years ago the Committee 
vt up the following rules for making 
the Award: 


1. Achievements which ean be taken as 
proof of excellence in teaching or as hav- 
ing contributed to the art of technical 
training will be given major considera- 
tion. 

2. Only those achievements will be con- 
sidered which seem to have the possibility 
of lasting influence or which have suf- 
ficiently stood the test of time. 

3. Books, articles, contributions to 
method and research, which have a bene- 
ial effeet upon the teaching of engi- 
neering, will be given considerable weight 
in making the decision. 

4. Participation in the work of Engi- 
neering and Edueational Societies is not 
necessary for eligibility. Such partici- 
pation, however, will be given due con- 
‘ideration if it has led to definite and 
recognized results in bettering technical 
education. 


5. Achievements outside of the field of 
teaching, such as employment in indus- 
try, consulting work, inventions, ete., 
will be considered as of secondary im- 
portance in making the Award. 

6. Administrators in engineering schools 
are eligible. Only that work of Adminis- 
trators, however, will be considered which 
has led to definite and recognized improve- 
ments in method of teaching or in the art 
of technical training. 

7. Emeritus Professors are eligible. 

8. Nominations should emphasize the 
contributions of the candidate to these 
major objectives Concise statements of 
achievements are much more valuable 
to the Committee than a series of recom- 
mendations from former students and 
present acquaintances. Listings in “Who’s 
Who in Engineering,” and such publi- 
cations, give some information regard- 
ing achievements but material of this 
type will not give the Committee the 
needed information to make a_ valid 
judgment. 

In preparing a biography of a nominee 
the following outline should be helpful: 

1. Preparation for teaching work— 
school year graduated, degree, post- 
graduate work, honorary degrees. 

2. Accomplishments as a teacher. 

3. Advancement of the art of technical 
training—books, articles, contributions to 
method, research, ete. 

4. Administrative work in engineering 
schools. 


5. Membership and 


participation in 
Engineering and Educational Societies. 

6. Engineering practice—employment 
in industry, consulting work, inventions, 
ete. 

7. Other achievements. 


Nominations should be sent to the 
Chairman of the Committee, Dean F. E. 
Terman, College of Engineering, Stanford 
University, Stanford, California by Jan- 
uary 15, 1953. 
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The George Westinghouse Award 


The George Westinghouse Award. is an 
annual award established in 1946 by the 
Westinghouse Educational Foundation to 
recognize and encourage outstanding 
achievement in the teaching of students 
of engineering. The award consists of 
$1000, together with an engraved certifi- 
cate. The recipient is selected by a ten- 
man committee, each member of the Com- 
mittee serving for a term of four years. 
There is also a representative from the 
Foundation. The Award for 1953 will 
be presented at the banquet of the an- 
nual convention at University of Florida, 
Gainesville, Fla., June 22-26, 1953. 

The recipient of the Award must have 
made a significant contribution to the 
teaching of engineering students and shall 
have distinguished himself in several of 
the following ways: 


1. Reeord as a teacher. (Evidence of 
superior teaching and guidance of 
students as demonstrated by records 
of former students, indications of 
unusual subject matter competence, 
ete.) 

. Improvements of the tools of teach- 
ing. (Textbooks and student notes, 
descriptions of special courses or 
curricula, diagrams and models, new 
laboratory and teaching equipment, 
ete.) 

. Other activities contributing to the 
improvement of teaching. (Mate- 
rial relating to the development of 
teachers in the nominee’s depart- 
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ment or teachers in general, | 
velopment of testing and 


program for students, the prom te 
of cooperation with other ty 
educational units or wit! 
coordination of fields 0! 
matter, ete.) 

4. Evidence of high intellectual eayge. 
ity. (Brillianee of mind 
fested by contributions to literaty 
degrees and honors received, ; 


The Award has been established to 
courage younger men who have shown | 
their past record evidence of continuing 
activity as superior teachers. To they 
the Award may serve not only as a x 
ward but as an incentive toward further 
achievement. 

In order to achieve this intent, it is 
deemed essential to limit the Award t 
those who have not reached the age ot 
45 by the date of the annual presentation 

Nominations may be made by any pe: 
son, organization, or group and are to by 
submitted before January 15, 1953, to the 
Chairman of the Committee on Award, 
Professor F. B. Seely, Professor of Ap- 
plied Mechanics Emeritus, 120 Talbot Lab 
oratory, University of Illinois, Urbana, 
Illinois. Nominations must be made or 
forms available from either the chairma: 
of the Committee or from the Secretary 
of the Society. Nominations should be ae 
companied by significant evidence sup- 
porting statements and claims. 
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Government-Supported Research* 


By DR. ALAN 


Director, National 


[ welcome this opportunity to meet with 
she Southeastern Section of the American 
Society for Engineering Education at its 
nnual meeting. I have been invited to 
address the meeting this afternoon on the 
veneral subject of Government support of 
research. However, the extent and divers- 
itv of Government support of research and 
jevelopment are now such that it would 
probably be more meaningful if I were to 
approach the subject from the viewpoint 
of the National Science Foundation, which 
has just marked the end of its first year 
of operation. 

The Foundation has a three-fold mis- 
sion: the development of a national sci- 
ence policy; the support of basic research 
through grants, contracts, and other forms 
of assistance; and the furtherance of edu- 
cation in the sciences through the award 
of fellowships in the natural sciences, 
and through other means designed to 
strengthen and encourage education in the 
sciences. The establishment of the Foun- 
dation by the National Science Founda- 

tion Act of 1950 oceurred at a critical time 
in terms of the national need. Although 
(Government expenditures for research and 
development are at an all-time high, all 
but a relatively small portion of the total 
is being spent for applied research and 
development vital to the national defense. 
In 1941, the estimated total research and 
development expenditures in the United 
States were $800,000,000 of which the Gov- 
ernment spent $240,000,000, or approxi- 
nately 30 per cent. In 1952, the total na- 

* Abstract of remarks made at Southeast- 
rn Section Meeting, Clemson College, April 
10, 1952. 
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es 


WATERMAN 


Science Foundatior 


tional expenditure for research and de 
velopment is estimated at $2,930,000,000, 
of which the Government is spending $1, 
640,000,000, or 56 per cent of the national 
total. In 1952, industry is spending an 
estimated total of $1,190,000,000 on re- 
search and development, or 41 per cent of 
the national total; while the universities 
are spending only $100,000,000, or about 
three per cent of the national total. 

The work that is going on in the uni 
versities, though much smaller by dollar 
volume than either Government research 
or industrial research, is nevertheless a 
highly important part of the over-all ef- 
fort, for it includes a substantial portion 
of the basie research being supported in 
this country, and without basie research 
both applied research and _ technology 
would ultimately come to a halt. 

The National Science Foundation 
operating on a very small appropriation, 
only $3,500,000 for fiseal 1952. The out- 
look for additional funds in 1953 depends 
upon action by the Senate Appropriations 
Commitee and subsequent action by the 
House and Senate. Approximately 40 
per cent of this amount is being spent in 
support of basic research in the univer 
sities, and a similar amount for predoc 
toral and postdoctoral graduate fellow 
ships in the natural sciences. 

We regard the graduate fellowship pro- 
gram as of special importance at the pres- 
ent time because of the critical shortages 
of trained personnel in many of the na- 
tural sciences, and particularly in engi- 
neering. Another highly significant 
pect of the scientific manpower problem is 
the need that has just begun to emerge 
for special combinations of training, par- 


is 


as- 
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ticularly among the fundamental physical 
sciences and various branches of engineer- 
ing. For example, the electronics engi- 
neer has sprung up as a hybrid between 
the physicist and the electrical engineer. 
The atomie energy program has resulted 
in the need for combined engineers, nu- 
clear physicists, and chemists. Another 
important need is for chemists and for 
solid-state physicists for problems in mate- 
rials and some forms of construction engi- 
neering. 

With scarcely a year in which to operate 

1952 funds became available only in 
November of last year—the Foundation 
has not had time to gather all the data 
needed for a full assessment of the Na- 
tion’s scientific needs. The gathering of 
such data is preliminary to the develop- 
ment of a national science policy. The 
Foundation feels that the Nation’s sci- 


GOVERNMENT-SUPPORTED RESEARCH 


entists and engineers are thy 
qualified to assist in the assessiney) , 
tional need. Accordingly, we a) 
upon scientists and engineers 
parts of the country to assist y 
sultants and advisers in the gradys 
velopment of an over-all picture of 
national needs in science. 

It is a matter of special gratificas),, 
and interest that the South is contributing 
more and more of its great natural re. 
sources, both human and material, ; 
variety of research and development 
tivities. The South is particularly to ) 
congratulated upon its awareness of thes 
problems and for the positive steps it is 
taking to solve them. It is important 
the Nation to be able to look to the South 
for important new contributions in thy 
field of research and edueation in the se 
ences. 








Reserve this date . 


June 22-26, 1953 


ANNUAL MEETING 


UNIVERSITY OF FLORIDA 
GAINESVILLE, FLORIDA 











Teaching with Color* 


By WILLIAM C. KRATHWOHL 


Director of Tests, Institute for Psychological Services, lilinois Institute of Te chnology 


Color ean be so useful in effective teach- 
ng that it is a wonder it has been used so 
yidom. Although it has exceptional use- 
fylness in mathematics, many of its appli- 
ations, with a little ingenuity, can be 
‘ansferred to other subjects. 

Some of the uses of color are for clarity, 
nphasis, analysis, economy of effort, and 
interest. Often these uses overlap. An 
instructor who has not used colors in the 
lassroom cannot realize how many op- 
portunities he has missed, where, by means 
{colored chalk, he might have stressed a 
pint more emphatically or cleared up a 
satement more effectively. 

Color is not only applicable to drawing 
pictures in geometry but it can also be 
used in such subjects as engineering, tech- 
nical drawing, arithmetic, algebra, Eng- 
lish, the physical, biological and social sci- 
ences and the humanities. 


Clearness 


As an illustration of the use of color to 
promote clearness, consider a problem in- 
volving the operations of addition and 
ubtraction in algebra such as: 


1- 2b —5e+ 6b —2a+e= 
a+ 4b — 4c. 


If pink is used wherever a occurs, green 
with 6 and blue with c, and if the two sides 
of the equation are compared, it does not 
take much imagination to see how the pink 
quantities on the left give the pink quan- 
lity on the right, the green quantities on 
the left give the green quantity on the 
right, and the blue quantities on the left 


_* Presented before the Mathematics Divi- 
‘ion at the Annual Meeting of the ASEE, 
Jartmouth College, June, 1952. 
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give the blue quantity on the right. If it 
becomes awkward to write the quantities 
in colors, good effects ean still be obtained 
by writing the equation in white chalk and 
then using colored chalk to check off or en- 
circle similar quantities. To see the same 
thing with the equation written in black 
and white, as is done on this page, re- 
quires, even in such a simple ease, a cer 
tain amount of searching. 

Frequently verbal problems can be sim- 
plified by using colors. Take the problem 
of a rectangle with changing sides. Here, 
the original rectangle can be drawn in 
black and white, whereas the changed rec- 
tangle can be drawn in colors. 

Mathematicians and engineers often 
have to draw pictures and even though 
they may not be rated as artists, color ean 
compensate for their artistic deficiencies. 
For an example, consider the complicated 
figure which arises in the computation of 
a volume by means of triple integrals. If 
rectangular coordinates are used, it is 
necessary to slice the volume into slabs, 
the slabs into columns and the columns 
into rectangular parallelepipeds. If a 
rectangular parallelepiped is drawn in yel- 
low, a column in red, a slab in blue and 
the volume itself in green, the student ean 
easily see how to go from one type of 
volume to another without a lengthy ex- 
planation. 

As another illustration consider the ease 
where there may be two triangles which 
have to be pointed out in a complicated 
figure. Instead of talking about the tri- 
angle ABC and the triangle DEF, if the 
instructor talks about the red and yellow 
triangles, the student is able to see these 
at once. Otherwise he hunts around try- 
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ing to find where A is, then where B is and 
then where C is. Often by the time he has 
found B and C, he discovers that he has 
lost A and has to start all over again. 
Add to these troubles, his difficulties in 
finding D, E and F, and it is no wonder 
that confusion becomes worse confounded. 
To say that using colors instead of letters 
is an economy of effort is putting it very 
mildly. 

Another instance occurs not only in 
geometry but also in trigonometry, where 
it is necessary to associate an angle with 
a side. Here the angle can be shaded in 
the same color as that in which the op- 
posite side is drawn. 

Solid geometry lends itself particularly 
well to color in such complicated figures as 


TEACHING WITH COLOR 


2 times 0 = 
544 times 0 = 
a times 0 


are written with all of th 
brilliant red, the picture of the ; 
with red zeros will remain lone 
black and white equations ar 

Another illustration is the 
of commonly misspelled wor 
“adieu” which is sometimes 
diew,” or “integral” which 
neering students spell and 
pronounce “intergal.” 
remedy such misspelling is to \ 
rectly in colors just that par‘ 
commonly misspelled. 

A third illustration, when 
tional notation, is to emphasiz 


One wat '{ 


that if a substitution is made for ; 

able, it must be made in every » 
the variable oceurs but must not be mad 
anywhere else. Such a function might } 


f(x) =2y + 7x+ (x+ 2a)sinx 


the division of a triangular prism into 
three equivalent triangular pyramids. 
Each pyramid can be drawn in its proper 
position in the triangular prism with a 
different color and the student then can 
see the relation of each pyramid to the 
other pyramids and to the entire figure 
without stopping to hunt for letters. Fur- 
thermore where a red triangular pyramid 
and a green triangular pyramid have a 
line AB in common that line can be drawn 
in the two colors, red and green, side by 
side, to distinguish it from those edges 
which are not common to two pyramids. 

Another illustration in solid geometry 
is to show the intersection of two planes 
where each piane is drawn in a different 
color and both colors are drawn side by 
side for the line of intersection. Such a 
device is of real help to students who have 
great difficulty in the visualization of three 
dimensional space. 


Let us suppose that in this instance / 
is to be found for «=3, then its valu 
becomes 


f (3) = 2y + (7) (8) + (3+ 2a)sin3 


If the letter x is written in pink on both 
sides of the equation and if the number 3 
is written in pink wherever the pink 

oceurs, the fact will stand out boldly t 
the student that he must 
number 3 wherever x occurs and that 
must not substitute 3 for anything else 


substitute tl 


Analysis 
Color will help to analyze the opera 
tions in some problems as no other metho 
will do. Consider the simplification of a 
fraction which has common factors in bot! 
numerator and denominator. If each car 
cellation is made with a different color th 
variegated picture which results wil! show, 
clearer than a volume of words can 40, 
every cancellation which is involved and, 
what is more important, where that cat 
cellation has been performed. 
Consider also long polynomials 


Emphasis 


Common errors can be pointed out by 
using colors for the correct procedures 
without the danger of strengthening wrong 
ideas by calling attention to them. Con- 
sider the operation of multiplication by 
zero, where the common error is to say 
two times zero equals two. If a set of 
equations such as: 


whiel 
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»metimes occur in engineering, mathe- 
waties, and the sciences, and whieh sim- 
fy to a large extent because they con- 
om several groups that add up to zero. 
1 a different color is used for crossing 
m each of the different groups which add 
sp to zero, then it is easy to see just what 


going on. Otherwise the student gets 


ost and confused and is apt to adopt the 
stitude that the operations are being per- 
formed by his instructor who never makes 
, mistake, and hence they must be correct. 
Sych an attitude makes for poor teaching. 


Miscellaneous 

Correcting examination papers with 
olored pencils ean prove very informative 
toa student. The instructor ean write on 
the examination paper useful hints and 
corrections and there never is any argu- 
ment when the paper is returned as to who 
made the corrections. 

Another use for color is in keeping ree- 
ords of students where a number of examin- 
ations are given during a term. Here sub- 
totals or percentages can be written in red 
along the same line in which the individual 
records are written with some other color. 
Thus the general trend of the work habits 

' a student becomes easily apparent. 
Such a trend, if downward, can be called 
to the student’s attention before it is too 
late and such constant vigilanee on the 
part of an instructor gives to the class the 
very important impression that he is on 
the job every minute. 

Some interesting by-products of using 
“olor occasionally turn up. For instance, 
there once was a student who complained 
that at times his instructor claimed he was 
drawing some lines, but the lines never ap- 
peared. The mystery of the vanishing 
lines was solved when an investigation dis- 
closed that their strange disappearances 
always happened when the instructor was 
using red chalk on a dark blackboard. It 
turned out that the student was color blind 
and had not been aware of it. 

A word of caution should be noted here 
about which colors ean be used. Many 
chalks on the market are so dark that they 
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do not show up well on the usual black- 
boards. Golden orange, pink, apple green, 
sky blue, straw yellow, and other pastel 
shades show up the best. 

Another caution that should be observed 
by instructors using colored chalks for the 
first time is the question of allergies. 
Some hardy souls ean handle anything but 
some instructors, who have no trouble at 
all with white chalk, have been known to 
be allergie to a few of the dyes which are 
used to produce some of the colors. 


Interest 

Leaving everything aside, if all the rea- 
sons just advanced for using colors in the 
class room were invalid there still would 
remain the best and most powerful argu- 
ment for their use, and that is their 
arousal of interest. 

In some respects the world of black and 
white is a world of unreality. Who ever 
heard of eating a black and white tomato? 
The classroom should stimulate real life 
conditions. White has a discouraging 
bleakness about it that discourages morale 
There is physical fatigue in distinguishing 
white from black which is not present 
when colors are used. 

On the other hand, the teacher who uses 
color has an added device for foeusing at- 
tention. Not only are colors more pleas- 
ing to the eye, but sometimes they stimu- 
late the curiosity of a certain type of stu- 
dent and keep him guessing as to which 
color his instructor is going to use next. 

Furthermore, under proper conditions, 
color ean have a dynamic effect. For in- 
stance, some color specialists maintain 
that magenta lights at parties have the 
same effect on guests as at least two cock- 
tails, but at considerably less expense and 
without any unfortunate after effects. 

Colors are sweeping the business world 
today as they never have before. Just 
notice the inereasing number of pages in 
color which magazines, such as the Satur- 
day Evening Post, are producing each 
week. One commodity after another has 
capitulated to their sales-building influ- 
ence. Colors liven the senses and keep the 
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individual alert to action. They do not visual field with a minimum ¢ 
give the mind a chance to brood. People of physical effort. 

are more carefree and happy, and are If all this is true and it seems poogy 
more active in a setting of nature in her able that it is so, instructors ough; te = 
most beautiful dress of sunlight and bright place their grim and dismal whites .:; 
colors. Color, with its gorgeous reds, bril- blacks in the elassroom with colors «.; 
liant greens, sparkling yellows, vivid blues, make their lectures more fascinating 
and deep purples, can cover the entire interesting. 


X Pend ity 


Young Faculty Members ..... 


PAPER COMPETITION 


ELIGIBILITY: Members of ASEE not over 36 years of age in June, 1153, 


AWARDS: First prize $200—Second prize $100. 
Awards will be presented to recipients at the Banquet at the 
Annual Meeting of ASEE, University of Florida, June 25, 19; 


SUBJECT: Papers should deal with some constructive phase of improvement 
of engineering education. Participants are encouraged to sele 
their own subject matter and titles within the broad framework 
of improvement of engineering education. In general, th 
papers should not be of a technical nature. The following ay 
suggestions of the type of subject matter to consider: 


a. How can the student learn to deal with new and unfamiliar 
situations with originality and well-ordered professior 
thinking? 


b. What are the most important qualifications of under 
graduate teachers of engineering? 


SUBMISSION OF All papers are to be submitted to the Chairman of the ASF! 

ENTRIES: Section to which the participant belongs. For a list of Sectior 
Chairmen, see the Section Meetings, page 185 in this issue ot 
the Journal. For further information and final date of sul 
mission of entries, write to your Seetion Chairman. 


JUDGING: Each Section will appoint its own judging committee and select 
one winning paper. The winning papers from the Sections wu 


"7 


be reviewed by a national judging committee for the final awards 
“ J g 


Here’s Your Opportunity to Achieve National Distinction! 





The Secondary School as a Source of Candidates 
for Engineering Training* 


By HARRY A. JAGER 


Chief, Guidance and Personnel Services Branch, Division of Vocational Education, 


Office of Education, Federal Security 


The subject, “The Secondary School as 
, Source of Candidates for Engineering 
Training,” is chosen advisedly. The pres- 
entation about to be given was selected 
presumably because the assistance of sec- 
ondary schools and particularly of guid- 
ance services Was recognized as crucial to 
filling the ranks of engineers to the extent 
necessary in the manpower requirements 
of these times. This request reflects the 
far-sighted policy of the Engineer’s Coun- 
cil for Professional Development and its 
(Guidance Committee; of the American 
Society for Engineering Education; and 
of the Engineering Manpower Commis- 
sion of the Engineer’s Joint Council, in 
their task of mobilizing the engineering 
profession to meet current demands. 


Some Basic Assumptions in 
Secondary Schools 


Secondary education, fortunately for 
these purposes, is at the moment in the 
midst of a great development of guidance 
services which have among their objectives 
a choice by young people of the kind of 
work they should engage in, their train- 
ing for it, entering upon it, adjusting to 
its conditions, and progressing in it. 
These objectives, often known as those of 
vocational guidance, are really part of a 
larger program more appropriately named 
guidance services. They are now manned 
in thousands of schools by persons called 
counselors, whose ideal preparation con- 

*Presented before the Engineering Sec- 
tion of the Land-Grant College Association 
November, 1951 in Houston, Texas. 
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sists of a comprehensive range of training 
derived from what amounts to a new 
discipline among the professions. The 
implications of these guidance services ex- 
tend from the earliest grades through the 
colleges and universities and into adult 
life. They are important not merely for 
choosing a vocation, and other problems 
of individuals, but also for many activities 
of teachers and even for the course of cur- 
riculum development, functions which are 
more and more making them integral with 
the total educative process. 

The expression “thousands of schools” 
leaves a considerable gap in a program 
where even more thousands of schools are 
without trained counselors. There are 
hopes that these gaps may be filled at an 
accelerating pace. Since, however, they 
still exist, any plans aimed at increasing 
the supply of engineers in which sec- 
ondary schools are involved must be usable 
by all schools. It is impossible to reach 
enough persons to answer the needs of the 
engineering profession unless all students 
enrolled in high schools, large and small, 
rural and urban, with or without organ- 
ized guidance programs, are included in 
the group. 

One reason for this introduction to this 
talk is the need for recognizing a fact 
which is not always apparent: Neither 
secondary schools nor guidance services 
either are or can be engaged in a pro- 
gram of recruitment as such. The point 
of view which must be maintained is 
that young people in a democracy have 
a free choice in matters of training and 
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vocation. These choices should be based These facts in turn refer to «, 

on their knowledge of their abilities and paper, “The Future Supply ot E 

interests as well as a familiarity with all ing Graduates,” also by Armsh 

opportunities open to them in the eco- June 1950. Here are some int, 

nomic world in the light of these interests of these facts in certain sic 

and abilities. Any warping of this objec- tionships: 

tive approach in the interests of a need, : 

no matter how critical, would be a subtle The estimated need for ne\ 

but real undermining of the democratic © $t@duates for civilian purpos: 

process. This protection of the intelligent 70 thousand, a number expecte| to he 

self-interest of the individual is, it is be- duced as the years go by until ihe p 

lieved, in no wise irreconcilable with an manent need settles to about 30) {| 

increase in the supply of suitable can- a year. As a compromise, 35 thousand js 

didates for the engineering profession. accepted as a reasonable goal, | 

On its merits, engineering is a good choice cause engineering degrees in 

for many young people who are now not approximately of this order. l'} 

considering it as a career. It not only fits tual figure was 38 thousand.) The yyy 

their pattern of abilities, but in sheer ber of high school graduates in 195] 

numbers among all professional oppor- some 1 million 240 thousand, of wh 

tunities has unquestionable rights for at- proximately 600 thousand were }) 

tention. only realistic source for engineering mat 
The reservations just cited, it is thought, ial at this juncture. To produce 35 

present no real barriers to the engineering _ thousand graduates over a period of vi 

profession as it seeks more and better and in normal times (this is, discoyn: 

candidates for its ranks. They do point veteran enrollment) 70 thousand fresh 

out, however, channels of approach which, are required, because approximatel) 

if somewhat restricted, strike straight and 49 per cent of freshmen survive t *) 

sure to the goals established. Meanwhile ite, Seventy thousand freshmen is about 

the schools seek answers to several ques- 1] per eent of all the boys graduating 


tions. from high school in the current year : 
in any of the next 4 or 5 years to com 
But for all practical purposes, only t! 
top half of the boys in any graduating 
The first question that we may examine glass are acceptable for college entrance, 
is “What are the needs for manning engi- which raises this figure to 22 per cent o! 
neering and what is the supply in see- hoys available in any year. In other 
ondary schools to fill these needs?” The words, to satisfy the estimated need for 
year 1951 is chosen as the point of orienta- engineering freshmen, 1 boy out of every 
tion, both for high schools and engineer- 
ing colleges. The choice of a current year  ¢Jasses must choose to study engineering 
enables us to deal at least partly with Qver against these figures is the fact thet 
facts rather than prophecies, and reduces the hest authenticated percentage of high- 
data based on estimates to a minimum. school graduates becoming engineering 
From a report entitled “Engineering freshmen over a period of years is 2.9 for 
Manpower in the United States,” by the entire group, which, reduced to boys 
Armsby,’ certain facts can be assembled. — gn}y, becomes 5.3, and to the top half, 11./ 





What is the Demand and Supply with 
Respect to Engineering Candidates? 


5 going to college from all graduating 


1 Address before the Upper New York See- per cent. ae ane See, ee 
tion of the American Society for Engineer- A most significant question — s seek 
ing Education, October 1951, by Henry H. Is there any reasonable te 
Armsby, Associate Chief, Engineering Edu- the proportion of boys not merely choos- 
cation, U. S. Office of Education. ing engineering but also qualified to take 
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engineering can be doubled this year or 

in any year to come? * 

The answer to the question just pro- 
nosed is apparently a resounding “No,” 
al for several reasons. One is that col- 
lege students for all goals must come out 
of not more than the top half of boys in 
‘he average graduating class. A second 
= that thousands of small schools do not 

fer some of the courses considered essen- 
tial as preliminaries to engineering educa- 
jon, so that the total of boys available is 
appreciably less than the 300 thousand in 
this top half. A third is that practically 
| the old professions, except perhaps 
law, and some new ones, are making sim- 
ar claims fo undermanning, and are en- 
leavoring to get, maintain, or increase 
their shares of the national quota. Re- 
euits for one profession cannot be 
doubled except at the expense of one or 
more groups. In the fourth place the al- 
leged instability of engineering as a per- 
manent eareer has attained so much 
prominence that boys looking 5 or 6 years 
aiead may well question, not the figures 
proposed by learned societies and Govern- 
nent agencies which they know nothing 
about, but whether they actually will have 
a job in engineering when they want one 
jor 6 years from now. 

At this point someone may say, “Let us 
enroll the girls.” This may be a feasible 
recourse, but any feeling of complacency 
or magnanimity involved in this decision 
will meet with immediate deflation. It the 
hurdles of suitable interests and aptitudes 
abilities are omitted because all measure- 
uents indicate that girls equal boys in 
range and amount of abilities) and ac- 
ceptability on the job are waived, the 
recruiters will be faced by the current 
enormous demands for girls in the “‘wo- 
uen’s” professions—nursing, teaching, and 
office occupations. In addition dozens of 
fascinating fields have opened up for 


*The military service question is deliber- 


ately left out of these calculations. If it 
vere included all figures would likely be 
‘orse from the point of view of engineering 


ra] 
goals, 
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women in the last 10 years which would 
compete at least on even terms with engi- 
neering. Finally, want-advertisements in 
the newspapers of our larger cities are of- 
fering young women with a minimum of 
experience and perhaps no more than a 
year’s education beyond the high school, 
salaries which compare very favorably 
with entrance salaries for male engineers. 
And, after all, what most girls want to do 
is to get married. 

This dilemma is not one which faces 
engineering alone. It is part of the situa- 
tion which has increased the labor force 
to our current 65 million, has reduced the 
unemployed group to a mere million or so, 
and which can depend upon the 2 million 
young people reaching 18 years old each 
year as the only permanent and reliable 
addition to its numbers. Since the mili- 
tary can and will enforce its demands be- 
fore those of any other labor require- 
ments, the situation has reached a stage 
as crucial as has ever faced the Nation. 
Engineering, like all other professions, 
must face these facts and arrive at some 
workable compromise to achieve its goals. 

To sum up: If the boys needed are ac- 
tually available from current high school 
graduating classes, the supply is strictly 
limited and offers no hope that ordinary 
recruiting can draw from a inexhaustible 
group of candidates. If needs in engi- 
neering are stated accurately, other meas- 
ures are called for. 


How Does “Normal Attrition” in Engi- 
neering Schools Affect the Problem? 


The second question in which secondary 
schools are interested is, “What happens 
to our boys after they enter the engineer- 
ing school ?” 

From the sources already cited appear 
devastating facts. There can be little ex- 
pectancy that, taking all institutions as a 
group, more than 49 per cent of engineer- 
ing freshmen will become graduates: that 
is, roughly 1 out of 2 is lost. This process 
has frequently been described as “normal 
attrition,” as if boys were particles on an 
emery wheel which ean be justifiably re- 
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duced to sparks, dust, and heat, provided 
the engineering profession attains its 
proper polish. Since a school regards 
every pupil who attends it as something 
precious with inalienable rights of his 
own, “normal attrition” is a phrase not 
merely repugnant to school people as a 
whole, but particularly repulsive to those 
engaged in the guidance profession. 

Attrition figures apply to other colleges 
than engineering schools and, in fact, en- 
gineering schools do better than 4 out of 
7 other professional schools in these re- 
spects. It is true also that almost the 
same figures apply to young pepole who 
are graduated from high school as com- 
pared with those in the sixth or seventh 
grade, but this condition is recognized as 
an evil against which many campaigns for 
staying in school are addressed, and which 
has been overcome in some states so that 
90 per cent or more young people of high 
school age are in high school. In any ease, 
in these times when no manpower can 
be wasted, the phrase “normal attrition” 
should be analyzed. If it represents evils 
which can be remedied, any campaign in 
secondary schools should be buttressed by 
evidence, first, that this evil is known and, 
second, that steps are being taken to 
remedy the causes, at least in so far as 
they are remediable. 

Diligent search has not revealed any na- 
tional study of the causes for attrition 
since the bulletin, “College Student Mor- 
tality,” published in 1937 by the Office of 
Education and sponsored by 25 university 
projects staffs. Although 14 years may 
have changed details, in the absence of 
other evidence the data cited may be 
deemed acceptable, with whatever reserva- 
tions may be necessary in view of changed 
conditions. 

In this study of 100 students who left 
schools of engineering before graduation 
(the total number on which the figures 
were based is 1544), 19.9 per cent were 
dismissed for failure in work; 3.2 per 
cent for lack of interest; 1.1 per cent 
for disciplinary causes. These three are 
grouped together since they may be con- 
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sidered to have relevancy to ea¢ 
and make a total of 24.2 per cent, or ; 
quarter of the number. Ten and crcl 
tenths per cent left for financia| reasons 
Death and illness accounted for 4.1 yx 
cent, miscellaneous causes for 13 per eon 
and unknown causes for 48 per ce nt. OF 
all these causes only a few can he accepted 
as based on firm evidence, of which th, 
most stable is probably that for death anj 
illness and that of low scholarship grades, 
The most startling fact is that nearly hal; 
the cases involved youth who made so littl: 
impression upon the institutions that the, 
dropped out of sight without anybody 
knowing why, and another eighth were by 
dubiously classified as “miscellaneous.” 
Undoubtedly better student personne! 
programs established in engineering 
schools within the last 14 years are re. 
sponsible for reducing mortality rates 
from 60 per cent noted in 1938 to 51 per 
cent acknowledged today. Current figures 
merely cite the total number in the fresh- 
man class and the total number of gradu 
ates. There has always been a steady in- 
flux of transfers into the advanced classes 
in engineering schools, and it is possible 
that a study based on individual survivals, 
as the 1937 study was, would show wors 
figures than those available now. 


h other, 


r 
yer 
pel 


Relation to the Manpower Problem 


The interests of secondary schools i! 
these facts, grave as they are, are of less 
consequence than their relation to th 
manpower problem. Neither an institu 
tion training for the professions, nor an) 
employer, can, under current circum- 
stances, ask for two persons to be assigned 
to it so that it may at its leisure choose 
one and reject the other. During the more 
or less prolonged period in which the in- 
dividual is retained, although ultimately 
rejected, he is deprived either of some 
training in which he might succeed better, 
or of participating in production, and 0! 
not only earning his living but even © 
doing his share in the defense of his 
country, both on a civilian and a military 
basis. To the extent that this practice's 
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cheer waste, it should be eliminated at 

once. Of all professions, engineering, 

whieh has as its goal the scientific adjust- 
ment of means to ends, should be the most 
eager to eliminate waste in its own house. 

It is not the purpose here to place any 

blame in these respects, in which all educa- 
tional levels from the first grade up are 
culpable. But from the point of view of 
young people, parents, and the secondary 
schools whieh are asked to aid in re- 
cruitment, certain statements might not 
seem out of line. For instance, engineer- 
ing schools, ordinarily admit freshmen 
by their own standards applied to pre- 
paratory subjects, rank in school, and per- 
sonal characteristics, all of which are a 
matter of record in most schools, and 
should be in every school. 

Tools for evaluation and selection, long 
a matter of study by authorities, including 
members of your own guidance committee, 
are increasingly accurate, both for selee- 
tion and admission purposes. Should then 
1 in 4 (9 thousand on a basis of 35 
thousand drop-outs) engineering students 
leave college because of their inability to 
he interested in or succeed in their stu- 
dies? How much of this assigned cause has 
its roots in poor teaching, obsolescent sub- 
ject matter, crowded sections, or the lack 
of application of those very tools of evalu- 
ation to the teaching process in college? 
How much is caused by institutions by- 
passing, or failing to apply strictly, ac- 
cepted standards in case of entering fresh- 
men? The dilemma’s two horns are: If 
these drop-outs are inept, how do they 
get into the institution; and if they are 
apt, why do they fail? 

Or, again, is there any excuse whatever 
for any able student’s leaving for financial 
reasons as 1 in 10 (3500 persons) do? 
If publie funds are not available to keep 
these young people in school, why should 
not those employers to whom the young 
engineer is the most precious of all com- 
modities hesitate to supply enough money 
for this purpose, a sum negligible com- 
pared to amounts now spent, let us say, 
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tor such recognized needs as advertising 
and research? 

Thirdly, what about the 50 or 60 per 
cent (18,000) who leave for “miscella- 
neous” or “unknown” causes, who must be 
so classified only because enough pains 
have not been taken, first, to learn the 
causes of maladjustment as they aceumu- 
late, and secondly, to remedy the very 
large number of cases which are undoubt- 
edly remediable? 

It is clear that numbers of these ques- 
tions are not now answerable. It is read- 
ily admitted that many institutions are 
studying them and doing what is possible 
to change conditions. But extraordinary 
times demand extraordinary measures. A 
profession cannot demand the doubling of 
its quota of young people who choose it at 
the expense of other professions, and at 
the same throw to one side half the young 
people who actually are admitted to train- 
ing. In the presence of so many emer- 
gency measures, many of them involving 
billions of dollars for which no one ques- 
tions the value received, the engineering 
profession can well recommend and adopt 
measures which will answer at least in 
part this charge of wasie. It should be 
clearly kept in mind that both on the basis 
of experience and of prophecy, 35 thou- 
sand graduates in engineering involve an- 
other 35 thousand real persons, mostly 
from the top half of ability among the 
boys in graduating classes of all high 
schools in this country, who land in the 
discard. The question of their partial 
gains from what engineering work they 
have received and their presence on the 
rampus, as well as the fact that they are 
undoubtedly absorbed promptly some- 
where in the military or civilian labor 
force, is beside the point. They have not 
proceeded to their chosen objective. The 
time, money, and resources devoted to 
making them engineers is, for that end, 
wasted. And most of all, the future score 
in frustration and maladjustment of 
everybody concerned is only beginning to 
be realized. 
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The Case for Engineering As a 
Choice of Profession 

What is the case for engineering as a 
career which warrants its consideration by 
any bright and apt high school pupil? On 
its merits, a strong one. Current estimates 
place 3 million men in the professional 
and technical segment of the labor foree, 
of whom 400 thousand are engineers, ap- 
proximately 13.3 per cent, or better than 
1 in 8 of all professional jobs. In schools 
in which a professional career is the ob- 
session usually for more than half of all 
those enrolled, a profession which supplies 
1 job out of every 8 has a strong claim for 
consideration. As a matter of fact, in this 
ratio it would supply careers for 37.5 
thousand out of the 300 thousand boys in 
the top half of the graduating classes—a 
figure corresponding approximately with 
some of the estimates as to the stable needs 
of the country for engineering graduates. 

Again, enough high school students who 
have the necessary abilities to warrant an 
expectation that they are likely to sueceed 
in engineering can probably be identified 
and become available. Fortunately the 
valuable work done by the Guidance Com- 
mittee of the E.C.P.D. is supplying eri- 
teria which can be applied to every high 
school to aid in judging in these respects. 

Thirdly, as young people. study the so- 
cial and economic significance of the pro- 
fessions, engineering has claims which are 
only partially either understood or ad- 
vanced in the consideration of a career. 
Rightly or wrongly, in this atomic age 
they are achieving emphasis out of pro- 
portion to anything that has happened up 
to this time. It would be of advantage 
even to engineers in this connection to re- 
view the remarkable chapter by Stuart 
Chase called “Prometheus Enchained” in 
the A.A.E., publication of 1933 entitled 
Vocational Guidance in Engineering Lines. 
The influence of this social importance, of 
this appeal to idealism and its leadership, 
for young people can scacely be over- 
emphasized. The usual approach of wages 
received, the prestige involved, and the 
ultimate command of wealth are powerful 
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stimuli, it is admitted. Y,, oe 
people from 15 to 18 have a styono so. 
of idealism which leads then ;,_ 
ready hearing to proposed life 

enlists them in the betterment. 

of their own country, but 

world. To attain this understandine 
course, something more than the processes 
of selection and vocational guidanes a 
necessary. Into the teaching of the 
must go new elements, especially in thy, 
social studies curriculum. This apy acl 


is difficult, but numerous attacks are » 
ready being made as, for instance, by th 
Joint Committee on Economie Education) 


The point is that engineering as a profes 
sion should early enter the conscioysnes 
of the adolescent, and accumulate in fore 
for sound and broadly based reaso) 
rather than as a result of the impact of » 
cruiting posters and emergency decisions 


What Can Be Done? 


What can be done in engaging s 
ondary schools in a serious cooperatiyy 
endeavor to supply engineering skil! t 
the Nation should be settled on a realisti 
basis. Any plan advanced should be 
founded on facts of manpower, the pm 
poses of high schools, the ability of eng: 
neering colleges to cooperate, the goo 
will of active members of the engineering 
profession, and most of all on a simplicity 
of operation which will enable any hig! 
school, not merely the large and well 
equipped school, to take advantage of it 
The last item is emphasized because 6!) 
per cent of the high schools in the country, 
enrolling 40 per cent of the population, 
have 200 or fewer students. They ar 
lacking courses, staff, and guidance spe 
cialists and yet enroll so considerable « 
number of desirable engineering cand 
dates that it is fatal to neglect them. 


1. The first step would appear to be « 
quota of students to enter engineering 
based on stable rather than emergenc) 
needs, and on the reasonable supply ©! 
such students in view of all the circum 
stances mentioned above. It is assumed 
that no quota established in this way can 
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oossibly allow for a 50 per cent drop-out 


ms Engineering institutions should ex- 
wine their admission procedures to make 
hom better selection devices, in coopera- 
‘ion not merely with schools with good 
midance programs, but also with schools 
shich need much assistance in arriving at 
citable criteria. They should make a 
rigorous examination of internal causes 
for drop-out, with some fixed objective of 
vdueing the drop-out rate by a consider- 
ble percentage within a period of time. 
this undoubtedly would require the pro- 
‘sion or the expansion of student per- 
onnel programs in all institutions. 

3. The valuable work of the Guidance 
Committee of E.C.P.D. should be ex- 
vended. Essentially the plans of this Com- 


nent of evaluative criteria in specialized 
subject matter and in personal charac- 
teristics, the furnishing of professional 
information about engineering, often re- 
ferred to as “guidance material”; and en- 
listing the services of members of the pro- 
fession in the areas of local high schools to 
furnish personal advice to young people, 
singly or in groups, who are investigating 
engineering as a profession. 

One of the weaknesses in this program 
is the inability of many schools to take ad- 
vantage of it. They do not have or ean- 
not administer and interpret the standard 
tests involved. Their records do not sup- 
ply cumulative information about their 
pupils activities from which their attitudes 
and habits of thinking may be estimated. 
They do not have a skilled counselor able 
to prepare the way for, or to supplement, 
ihe information and counseling supplied 
by the local engineer. They may even lack 
one or two of the courses essential in engi- 
neering preparation, and may be unwill- 
ing or unable to adopt emergency meas- 
ures such as correspondence courses or 
unorthodox elass room groupings, to sup- 
ply these laeks. 

4. Efforts should be made to insert into 
the curriculum essential facts about the im- 
portance of engineering in the prosperity 


and happiness of the world. <A better un- 
derstanding of the function of engineering 
in realizing the ideals of the United Na- 
tions, UNESCO, of the foreign-aid pro- 
gram, and of the defense against the com- 
mon enemy should be sought. This, it 
should be understood, is not a guidance 
problem, but an instructional problem. 

5. A concerted attack should be made 
on the resources offered by the boys in 
the small high school who are unable to 
obtain advanced mathematies or science 
course. The evidence mounts that lack of 
training in specifie subject matter fields is 
a relatively unimportant factor in the sue- 
cess of students in colleges. Quality work 
and other evidences of ability and char- 
acter in high school are far better auguries 
of suecess in college than the passing of 
an elaborate group of required units. A 
recent study at the University of Michigan 
not only established these faets, but also 
that the size of a high school from which 
a student graduates offers no correlation 
with his success in that institution. The 
sandid waiving of certain subject matter 
preliminaries in the case of able students 
to whom they are unavailable, even at the 
expense of teaching them these elements 
after their arrival on the campus, would 
probably result in an appreciable addition 
to the number of acceptable freshmen in 
engineering classes. 

6. Some better means for the placement 
of young engineering graduates and the 
protection of their job and employment 
rights should be a common objective of 
the engineering profession. Disturbing 
reports of some ruthless practices involv- 
ing the hiring of more young graduates 
than the corporation needs, with the 
deliberate but unannounced purpose of re- 
ducing the number by the end of the year, 
have appeared. The immediate closing 
down or the reduction of experimental 
and research staffs at the slightest sub- 
sidence in business activity, leaving young 
engineers without jobs and often without 
homes, but with beginning families, should 
be examined. The reason for the rapid 
fluetuations in the ratio between engineers 
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and production workers should be looked 
into. Any widely advertised estimates on 
the demand and supply of engineers, 
whether they err on one side or the other, 
should be subject to much greater scrutiny 
if they are to avoid giving the public the 
idea that engineering is an unstable pro- 
fession. All of these suggestions are more 
in the form of questions than of state- 
ments, the answers to which may prove 
that the implied criticisms are without 
foundation. It cannot be denied, however, 
that to an outside observer a determined 
effort to remove the causes even of the 
unfounded rumors should be made in the 
interests of helping young people to ar- 
rive at decisions about engineering as a 
career. 
Conclusion 

In conclusion it should be said that the 

engineering profession will meet with 


eager cooperation from high schools, thei. 
teachers, and their counselors. They wil 
welcome any opportunity to replac ‘ 
vague aspirations of young people seek. 
ing a profession with sure grounds for a 
adequate choice in a career with speciti 
goals, even if. these do not promise 4 
lead to the end of the rainbow. 7h, 
schools recognize their own weaknesses j; 
their present handling of these situation: 
They will welcome any aid, whether mat, 
rials, personal assistance, or professiona! 
advice, to help their young people. They 
know as well as any that the welfare of 
profession depends upon the welfare of 
each member, and the productivity of , 
worker at any level is to a large degre 
the result of his reasonable adjustment 
and of satisfactions often measured j 
imponderables. 


e the 


Centennial Issues 
of the 
Journal of Engineering Education 


The December and January issues of the JOURNAL OF ENGINEERING 
EpvucaTion will contain papers which were presented at the Centennial o! 
Engineering in Chicago in September. Extra copies of these issues can 
be obtained for $1.00 per copy »y writing to the American Society for 
Engineering Education, Northwestern University, Evanston, II. 





Teaching Aids for Heat Transfer 
and Thermodynamics 


By W. J. KING 


Professor of Engineering, University of California at Los Angeles 


During the spring of 1951 the writer 
undertook to canvass a representative 
croup of engineering schools throughout 
the country in an attempt to discover what 
ort of aids were currently being used in 
heat transfer and thermody- 
namics. As far as he was able to de- 
termine, very little of anything in this 
category is being employed in the class- 
roms. Following is a list of the glean- 
ngs from this survey : 


teaching 


Films 


Professor MeAdams, of M.I.T. has a 
ilm on “Visual Studies in Boiling,” show- 
ing the formation of vapor bubbles on a 
heated surface. Mr. A. C. Mueller, of du 
Pont, has similar films on boiling heat 
transfer. 

Professor Alan Colburn, of Delaware, 
has several films of heat transfer in heat 
exchangers, including tubular oil coolers. 

C. F. Braun Co., Alhambra, California, 
have similar films of the action in heat 
exchangers. 

Combustion Engineering-Superheater 
Company have an interesting colored film 
f combustion in the furnace of a large 
boiler. 

Dr. E. Eckert, of the Power Plant Lab- 
oratory, Wright Field, Dayton, Ohio, has 
a film of interferometer studies of free 
convection in air. Mr. C. Coulbert, of 
U.C.L.A. has a similar film. 


Models 
Professor C. O. Mackey, of Cornell, has 


developed a hydraulic analog for demon- 
strating transient flow of heat, represent- 


16 


ing temperature in terms of the head of 
liquid standing in a series of small glass 
tubes, and heat in 
of the fluid. 

Mr. A. J. Jackson, of Corvallis Heights, 


Oregon, advertised a remarkable trans- 


terms of rate of flow 


parent model of a 4-cyele engine, with 
hand-erank for rotating the shaft and ex- 
hibiting motion of all components, priced 
at $27.00. This was imported from 
abroad, and he anticipated that “other 
transparent machines and common engi- 
neering equipment may soon be avail- 
able.” 

The Eeonolite Corporation of 3517 W. 
Washington Blvd., Los Angeles 18, Cali- 
fornia, manufacture a variety of animated, 
illuminated translucent colored charts, 
some of which show the action of various 
types of boilers and furnaces. These dis- 
plays are quite striking and although de- 
veloped originally for commercial adver- 
tising they should be quite effective as 
teaching aids, especially if adapted to il- 
lustrate the fundamentals of heat and 
thermo. 


Charts 

The W. M. Welch Manufacturing Co., 
of 1515 Sedgwick Street, Chicago 10, Il- 
linois, distribute an excellent series of 
charts on chemical, physical and metal- 
lurgical subjects, including an elaborately 
illustrated 64 X 42 inch chart of Electro- 
magnetic Radiations, edited by A. H. 
Compton. This chart shows very graph- 
ically how thermal radiations fit into the 
spectrum, and relates all forms of radiant 
energy to a great variety of phenomena 
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and apparatus. The Welsh Company ex- 
pressed an interest in publishing special 
charts on other subjects “if the quantities 
would be 200 or more.” 


Suggestions for New Teaching Aids 

Some time ago the writer became in- 
terested in constructing demonstration 
models for use in the classroom to illus- 
trate some of the fundamentals of heat 
and thermodynamics. In considering the 
design of such apparatus it soon became 
evident that the inadequacy of available 
materials would make it very difficult to 
show the students what was going on in- 
side, during the demonstration. Even if 
the interior: could be observed through 
transparent walls or windows, the heat 
flow could not readily be confined to the 
desired channels and media. Heat has a 
notorious tendency to leak or radiate in all 
directions, and the thermal conductivity of 
the best insulators leaves much to be de- 
sired. It was therefore finally decided to 
circumvent all of these difficulties, to- 
gether with most of the expense, by con- 
structing “two-dimensional appartus,” in 
the form of large charts, employing spe- 
cial materials “invented” for the purpose. 


Two of these charts are « 
accompanying photographs 

The Heat Transfer Ay»: 
signed to demonstrate the efi 
sure upon the conduction, 6; 
radiation of heat across 
between two concentric spl 
ner sphere, of thin-walled m: 
formly heated. to 212 F by 
supplied by an electric boil 
to hold the pressure at 1 
Boiler jacket and transmissio: 
obviated by lagging all hot s 
a material having zero therm 
tivity (K =o) and the tubing 
the inner and outer spheres is 
same material. The total heat 
across the air space is thus eq 
mass of condensate (M.ouq) coll 
the lower graduate during 
of time, multiplied by the latent hy 
the steam (h, —h,), and is als 
the watt-hrs. input to the boiler 
All of this heat is absorbed by the | 
water jacketing the outer spher 
equal to ten times the mass of wat 
lected in the upper graduate. 
of these values of Q are measured dw 
each run and any lack of ag 


any 
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FIRST LAW DEMONSTRATION APPARATUS 
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ates faulty operation of the apparatus. 
hus far no trouble at all has been ex- 
perienced. ) 

The thermometer for measuring the 
uean temperature of the air (t,,) is 
oated with “Stefanite,” a secret new 
aterial having an emissivity, or absorp- 
tivity, of zero for all radiations, The 
onvection component, Qoony,, could if 
lesired, be measured in terms of an over- 
ill coefficient, a mean surface area, and 
the overall temperature difference (U, A,, 

-t,,), instead of h, A,(t,—tm)). 

The apparatus is initially operated with 
tmospherie pressure in the air space. 
The conduetion, convection and radiation 
omponents of Q@ are expressed as 100%, 
severally, as shown in the graph at the 
ower right. The vacuum pump is then 
started up and the air space pressure is 
reduced to Y% atmosphere. At this point 
the conduction and radiation components 
remain unchanged, but the convection has 
heen reduced to half of its original value. 
The original magnitude of the convective 


heat flow can then be found from the rela- 
tion: Qeonv. sae 2(Q; atm. Qi/4 atm.)- The 
air pressure is now reduced to zero, which 
eliminates both the convection and the 
conduction, leaving the original radiation 
still unchanged. The initial conduction 
component can then be computed from: 
Qeona. = Q1 atm. — (Qeony. + Qo). These re- 
sults check remarkably well with the 
values for the components computed from 
the three formulas above the vacuum 
pump, using appropriate values for ¢, K, 
and h.. 


* The Problem 

The First Law Apparatus demonstrates 
the significance of C, and C,, in opera- 
tional terms and illustrates an elementary 
energy balance. The problem here was to 
make sure that all of the heat lost by the 
hot water in passing through the coil of 
tubing was delivered only to the one 
pound of gas trapped within the tank. 
If the tank case were made of any or- 
dinary material it would absorb or trans- 
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mit more of the heat than was added to weight of mercury (Wy,), and th, 
the gas, necessitating a large and uncer- of water (My.o) are computed g 
tain correction in computing Q. The mer- _ to obtain the values of Q and | . 
cury in the bottom of the tank would like- in the chart. Then, C,;=@Q/10 ang ¢ ~ 
wise soak up a lot of the heat. This C,—W/10 (where W = total work a 
problem was solved very satisfactorily by _ in lifting the Hg through the 2 ft.-height’ 
constructing the tank of “McAdamite,” The value of C, can be measyred 3 
the new hypothetical material having zero _ rectly from Q/10 by repeating the panes 
thermal conductivity and named at this ment with the mereury vent y; loae 
point in honor of Professor McAdams of Agreement between the two met 
M.I.T. A liquid form of MeAdamite was always been within less than .0] 
used to cover the surface of the mercury. is considerably better than is usys 

For measuring C, the apparatus is op- tained with other types of apparatus. 
erated as follows: Starting with an initial slight correction must be made for } 
gas temperature of about 65 F and with heat capacity of the thermomete 
the valve in the mercury vent tube open, — silver-foil radiation screen.) 
the needle valve at the lower right is ad- This kind of “apparatus” may }y 
justed to pass water at such a rate that quite conveniently in the classroom 
its temperature will always drop exactly has the advantages of being fully trans 
10 F between the two thermometers. At parent, readily portable, relatively 
the instant when the gas temperature, tj, expensive, very quiet and econom eal it 
reads 70 F a reading is taken of the operation, and requiring no apprecial 
amount of mercury in the graduate at the maintenance. Yet it illustrates the prip- 
left and the amount of water in the ciples quite lucidly, and can even be used 
graduate at the right. The same readings in the laboratory by students who may be 
are taken when the gas temperature’ asked to obtain (hypothetical) test data 
reaches 80 F. From the differences, the from it! 


* * 


ERRATUM 





Apologies are due Professor V. M. Faires of North Carolina State 


College whose name was inadvertently omitted from the published list of 
the members of the Committee on Improvement of Teaching. The Report 
of this committee was published in the September issue of the JouRNAL oF 
ENGINEERING EDUCATION. 





The Use of Films as “Outside Assignments” 


By HARVEY WILKE 


ssoct sor of Sanitary Engineering, Purdue Universi 
Associate Professor Sanitary Eng 9g, Purdue U ty 


The civil engineering curriculum of 
most engineering schools includes a course 
courses in Water Supply and Sewer- 
ave. Unless special sanitary options or 
technical electives are available, it is fre- 
quently the students’ only contact with the 
problems of sanitary engineering. The 
content of such courses in Water Supply 
and Sewerage generally includes the hy- 
draulics of water distribution systems, 
water treatment processes, design of sew- 
age collection systems, and sewage treat- 
ment processes—usually it is a senior 
course. 

Unfortunately, there are always many 
of these senior students who have never 
visited a water plant or a sewage plant. 
Furthermore, the students who have visited 
such plants do not always possess an ap- 
preciation of the processes involved, the 
equipment used, ete. After all, it is dif- 
ficult to know the design features of equip- 
ment submerged by water or sewage, or 
housed in sealed structures. Although 
some inspection trips include visits to a 
water plant and a sewage plant, it never 
isas comprehensive as might be considered 
desirable. 

Recognizing that a certain amount of 
deseriptive material is essential to the 
proper understanding and comprehension 
of water and sewage treatment processes, 
an experiment was tried in which the 
students had opportunity to view motion 
pictures and slides pertaining to the sub- 
ject material of our Water Supply and 
Sewerage course. The films that are used 
either supplement or emphasize the lee- 
tures and text assignments. These films 
constitute one hour per week and are 
designated an “outside assignment.” Dur- 


ing the fall semester, 1951, they were 
shown twice each week, Thursday at 2 
P.M. and Friday at 2 P.M. to provide all 
students an opportunity to get to one of 
the showings. 

Purdue’s Water Supply and Sewerage 
course consists of three class periods and 
two two-hour design laboratory periods 
each week—total credit of 4.3 units. 


Capabilities and Limitations 

It might be well to review briefly some 
of the eapabilities and limitations of films 
for college instruction. To begin with, 
many films are limited in their ability to 
develop the students’ reasoning or think- 
ing powers. On the other hand, for a sub- 
ject of this nature, a certain amount of 
basic imagery is necessary to comprehend 
design requirements of equipment or 
structures. They give the student a 
pseudo-experience. They also provide a 
vivid imprint on the student’s n,emory. 
To be mere specific, here is what films can 
do for a course in water supply and 
sewerage: 


1. They can show complex details of 
water and sewage treatment opera- 
tions. By animation these processes 
are capable of being viewed in step- 
wise developments. 

. They illustrate fundamental relation- 
ships between water, sewage, and the 
health of a community. 

. They can picture water source prob- 
lems—somewhat like an immensely 
expanded inspection trip covering 
both time and space. 

. They can show microscopic organ- 
isms which cause water borne dis- 
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eases and which are utilized in bio- 
logical treatment. This would other- 
wise take long laboratory periods 
and tedious microscopic work. 

. They can demonstrate techniques and 
methods of distribution system and 
sewage collection system installation 
—the “how it’s done” type of picture. 


If this can be accomplished as an “out- 
side” assignment, then by the more tradi- 
tional classroom procedures the theory 
can be developed to a far better under- 
standing on the part of the student. The 
mental stage is set, curiosity is developed, 
and the instructor ean go on to a full un- 
derstanding by classroom and laboratory 
problems. 

Careful integration of the film material 
with elassroom and laboratory material is 
essential. The films are not an end in 
themselves. In the one-hour presenta- 
tions, each film is introduced calling at- 
tention to special features to observe, ete. 
An illustration may be stopped on the 
sereen during the running in order to dis- 
cuss or emphasize some point. Questions, 
comments, ete., terminate the showing. In 
some cases additional visual aids are em- 
ployed after the films by exhibiting and 
discussing small models, cut-aways of 
equipment, samples, ete. Finally, the 
classroom and laboratory further develops 
the theories and technical phases that have 
been illustrated in the film material. 

Some of the films are shown without 
using the sound track and, instead, my 
own commentary is given if it is necessary 
to substitute the technical for the more 
popular aspects. Incidentally, this does 
not mean other assignments are not made. 
Typical reading assignments, home prob- 
lems, ete., plus the one hour of films, make 
up about 2 hours assignment and prepara- 


tion work for every classy 
does require some time and ex; 
the part of the instructor. 1, 
sent the films twice. He must ; 
sible new films for the series 
vision process must go on jj 
And a certain amount of’ gett 
time is necessary. 

Certain costs are also iny 
though some of our films ar 
Purdue Film Library, others 
or borrowed. Most of the co 
produced films have no rental fe 
ing, insurance, and rental fee 
program amounts to about $50.0 
semester. 

Precautions 


Some precautions are necessary 
ularity is important. If regular att 
ance is expected, “slip-ups” must | 
vented. Promptness is essentia 
have been occasions where a compar 
failed to send its film in time for 
uled showing—several films that 
obtained on instant notice from \ 
library are available for such 
These films may be of only general 


terest and might lack some of the integr 
tion with the course and laboratory mat 


rial, but such “slip-ups” do occur son 
time and a filler is desirable. 


Perhaps a yardstick by which to mea: 


ure the usefulness of this progra 


) 


{ 


t 


attendance figure and the attitude of t 


students. Attendance is voluntary 
has average consistently 34rds of th 
students enrolled this semester i: 


course. A few inevitably have work « 
class conflicts with both showings. A © 


quest for unsigned comments from 


the enrollment showed that not one 0! 


jected to the program—their commen's 


ranged from just interested to very 
thusiastie. 





Report of Special Survey Committee 


4s your representative to the Special 
Survey Committee of the Engineers Joint 
Council the following is a report of a sur- 

: conducted by our Committee pertain- 
ag to the supply and demand of engineers 
shich has just been completed. 


Supply 

Reports from 166 schools indicate that 
97.813 first degrees were conferred during 
he period from July 1, 1951, ending June 
), 1952. It is, therefore, estimated that 
the total number of degrees given during 
e present academic year will approxi- 
ate 30,000. These degrees were granted 
y aceredited and non-accredited institu- 
ions. Of the schools surveyed 4,523 mem- 
jers are also receiving commissions in the 
Armed Forces. It is expected they will be 
alled to active duty either immediately 
following graduation or shortly thereafter. 
This amounts to 1644%. Of the group 
1,266 or 444% are enrolled members of 
the Armed Forees Reserves or National 
Guard, and 6,142 or 22% are vulnerable 
to Selective Service. There are 1,743 or 
1,% enrolled or seriously considering 
ulltime graduate study. Assuming, there- 
fore, that there will be a very small loss 
rno loss at all to Selective Service, it is 


estimated that there should be available to 
industry approximately 22,000 to 23,000. 

It is also interesting to note that the 
senior classes for 1952-1953 have an 
R.O.T.C. content of 2214%. The junior 
classes of next vear represent an R.O.T.C. 
content of 459%, and the sophomore classes 
55%. Although no concrete figures can be 
given, there is an indication that the mor- 
tality of the freshmen classes that entered 
last September, is lower than normal, 
which may be considered possibly as a 
hopeful sign. 

Demand 

The Survey Committee have also con- 
ducted a survey on the demand side of the 
picture. Replies from 326 companies and 
32 governmental agencies have been re- 
ceived. A rough check of this informa- 
tion indicates a demand by industry of 
something over 30,000. This should not be 
considered as a firm figure as much check- 
ing has to be done in order to determine 
whether or not the information received 
from the companies and governmental 
agencies is representative. This check is 
being conducted at the present time and 
a report will be issued as soon as possible. 

Respectfully submitted, 
Maynarp M. Borina, Chairman 


5) 
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A Plan for Training Women in Enginecring 


By FRED C. MORRIS 
Department of Civil Engineering, Virginia Polytechnic Institute 


For several months we have heard a 
great deal about the critical shortage of 
engineers. This information has come to 
us from all directions, newspapers, mag- 
azines, industrial bulletins, and the radio. 
It is variously estimated that the nation is 
short from 60,000 to 80,000 engineers. 
Based upon present college enrollment, 
there will be a severe drop in engineering 
graduates each year until those available 
for industry will almost reach the vanish- 
ing point in 1955. It is reported that 
there are some individual concerns now 
trying to recruit 1000 engineering gradu- 
ates or more to meet their technical per- 
sonnel requirements. This, of course, they 
cannot do because the graduates are sim- 
ply not available. The Engineering Man- 
power Commission of the Engineer’s Joint 
Council held a special meeting in Pitts- 
burgh last September to try to find a solu- 
tion to the problem. While no satisfac- 
tory solution has become apparent, the 
Commission has done a good job in letting 
the Congress and the public know of the 
seriousness of our plight. 

The most important reason for our 
needing an adequate supply of engineers 
is, of course, the fact that we are engaged 
in a serious cold war with the communistic 
world. We do not know how soon this 
cold war might become a very hot war, the 
outcome of which will determine whether 
we will continue to enjoy our freedom or 
whether we will live in a state of virtual 
slavery. It is obvious, then, that the 
stakes in this conflict are very great in- 
deed, and the freedom that we have fought 
for many times before could be snatched 
away from us. We should not under- 
estimate the power of the 800 million 
people aligned against us, nor should we 
consider this a temporary emergency. 


Most likely, we are destined 
terrific world population 
many years to come, and our freedom js 
secure only so long as we are ab oa 
cessfully defend it. Our only hope in this 
direction is to maintain superiority in 
field of technology; that is, we must 9) 
ways be prepared to meet the horde of 
manpower with overwhelming fire-power 
In order to do this, we must not only keey 
the wheels of industry rolling at a big! 
degree of efficiency, but we must at t 

same time advance technology. This j 
where the engineers come into the picture, 
Without their scientifie knowledge, inyen- 
tive genius, and technical know-how our 
American way of life would quickly be 
reduced to a pattern of life hardly worth 
the living. It is incumbent upon us a 

therefore, to contribute as much as pos- 
sible to the maintenance of our democratic 
form of government, each according t 
his talents. 

Since it seems that the shortage of engi- 
neers may jeopardize our national wel- 
fare, the next question is what can we do 
about it. 
problem, but it might be wise to approacl 
it in the same manner that we would ap- 
proach an engineering problem; that is, 
what results do we want and what do w 
have at our disposal to get these results 
The basic facts in the ease stack up some- 
thing like this: 


t f. 
LO Lace 


Tessn + 
pressure for 


it 






1. We are woefully short of prote: 
sional engineers. 

2. From 3 to 5 subprofessional workers 
are needed for each professional engineet 

3. Many professional engineers are do- 
ing subprofessional work because there 
no one else to do it. 

4. Most engineering colleges are not us 
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wo their facilities to the maximum ad- 
antage because of the low enrollment. 

55, There are many bright young women 
, college with inherent technical ability 
nd many more graduating from high 
hool each year. 

§. While we lack an adequate supply of 
wen for technical work, we do have a big 
tapped supply of women. 


With these elements of the problem, it 
ems that the logical and intelligent thing 
» do would be to train women to do the 
abprofessional work in order to release 
e professional engineer for more im- 
portant work. This would merely be doing 
he obvious, in which there is great virtue. 
When the idea of using women in engi- 
yering work was proposed during the 
sar, the engineers frowned with great 
nisgivings. After the girls had worked 
fora while, however, the men discovered 
that they were really useful rather than 
just ornamental. The U.S. Office of Edu- 
ation operated the ESMWT short-course 
program for women, while some industries 
vt up their own training program at a 
uumber of colleges. Many of the women 
who were trained during the war are still 
in engineering work and doing very well 
with it. In a speech made at the Virginia 
Polytechnie Institute on February 21st, 
Mr. Maynard M. Boring, Manager of the 
Technical Personnel Services Department 
of the General Electric Company, said, 
“Industry must make better use of women 
in technical work.” The September issue 
the Scientific American carried an 
ticle on mobilization prepared by Mr. 
Arthur §. Fleming, Assistant to the Man- 
power Director of the Office of Defense 
Mobilization. In the article Mr. Fleming 
made this statement: “In many profes- 
‘ional and technical fields we shall not be 
able to solve our manpower problems un- 
less we use women to a greater extent than 
we have up to the present time. To do so 
we must convinee them that training for 
these occupations will give them an un- 
usual opportunity to serve the nation dur- 
ing a very eritical period.” 
_ Women have certain inherent character- 
isties which stand them in good stead. 


For instance, they are conscientious, they 
know how to use their hands, they are 
careful about detail, and quite important, 
they are not adverse to trying something 
new. Witness, for example, their procliv- 
ity to change the furniture around in the 
house about every three days to see if they 
can find a more efficient arrangement. 
This is exactly the procedure that our re- 
search scientists use; that is, if you don’t 
know if something will work or not, try 
it and see. Quite often in scientific studies 
the going gets pretty rough and girls, be- 
ing more sensitive and nervous than boys, 
sometimes become emotionally disturbed 
by overwork and the fear of failure. These 
troubles, for the most part, can be solved 
by the strategie use of a few kind words 
and a little human understanding. Girls 
will work their hearts out for you if you 
handle them right, which usually requires 
nothing more more than a sincere interest 
in their welfare. Even though girls will 
work very hard, they should not be ae- 
cepted indiscriminately for engineering. 
If the use of women in technical work is 
expanded, every effort should be made to 
identify and interest only those who have 
shown distinet technical ability. 

Since industry needs technical workers, 
and since the colleges have the facilities 
to train them, it seems that a working ar- 
rangement could be made that would be 
beneficial to both. For instance, it would 
not be at all diffieult to incorporate one 
full year of engineering studies into the 
general science degree for those who want 
it, nor would it be impossible to do the 
same for those in home economics. This 
would involve credit hours only slightly 
greater than the number usually per- 
mitted for elective courses. Each college 
making this arrangement would have to 
work out the details of the course of study 
to fit its own local situation but, purely 
as a suggestion, the program might look 
something like this: 


1. Mathematics to include College Al- 
gebra and Trigonometry. 

2. One full year of Engineering Draw- 
ing. 
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3. One full year of Engineering Prob- 
lems involving 12 hours per week of lab- 
oratory computations. This course would 
be designed to teach students how to ap- 
ply fundamental principles to practical 
problems of the types most likely to be 
encountered on the job. 

4. Other subjects to be studied might 
well be Freehand Sketching, General 
Physics, Materials of Engineering, Manu- 
facturing Methods, and perhaps, Engi- 
neering Economies. 


If a group of girls were studying to go 
to work in a particular industry, then the 
course of study could be designed to fit 
the needs of that industry. 

Now let us see how this program would 
operate, what advantages it has, and what 
benefits might reasonably be expected from 
it: 


1. Engineering colleges are already of- 
fering the courses that would be needed 
except the laboratory computations course 
in Engineering Problems. This course, 
however, would not be at all difficult to 
set up. 

2. It would not be necessary to depend 
upon federal grants of money to operate 
the program. Students would merely pay 
the regular college fees as usual. 

3. The full year of engineering would 
give the students much better preparation 
than the short-course type of 10 to 15 
weeks which were run during the war. 

4. It would help to accomplish our 
prime objective of supplying sub-profes- 
sional workers to relieve professional en- 
gineers for more important work. These 
girls could take care of such things as 
drafting, production illustration, compu- 
tations, time and motion studies, statistical 
work, and a multiplicity of other things of 
a similar nature. Also, a girl could act as 
an aide and understudy to a professional 
engineer. This would relieve him of the 
routine work and, at the same time, give 
the girl an excellent opportunity to ex- 
pand her knowledge of engineering. 

5. A qualified high school graduate 
could take the one year of engineering 
and go to work immediately. For a small 
investment of time and money she would 
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be prepared to earn a goo 
could then use these credits |i, 
a degree. 

6. Girls now enrolled in coll, 
take the one year of enginee 
most convenient time for them: ¢} 
second, third, or fourth year. ]t ; 
possible to make arrangements \ 
eral arts colleges for interested 
transfer to engineering college: 
fourth year of work. This would } 
ticularly desirable for those 
majoring in Mathematics, Phy: 
Chemistry. 

7. Graduates in Mathematics a: 
ics might want to take engineeri: 
during a fifth year in college, in which easy 
it might be possible to design a progra: 
of study for them at a level that y 
justify the granting of a master’s degre 
If this is done, it would probably be bette: 
for individual industries to recruit thes 
girls, perhaps from 25 to 100, and have th 
work designed to meet the needs of th: 
dustry. Based upon the number of st 
dents now enrolled in colleges and t 
ticipated need for technical personnel, i 
dustry can start now to prepare for t! 
time when they will not be able to g 
enough engineering graduates 
their requirements. 

8. If the girls who take one year of en 
gineering and work in industry for a whil 
decide to go into educational work, 1! 
would make excellent science teachers { 
high schools. This experience would pro 
vide the background for teaching that 
many teachers do not have at present. 


It would seem that the benefits men 
tioned in the foregoing should be sutficient 
justification for the serious consideratior 
of a program to give young women a fu 
year of training in engineering. In orde! 
to put a program of this nature in opera 
tion, the chances are that some inhibitions 
would have to be thrown overboard. This 
may be painful, but not fatal. The exer 
cise of initiative, ingenuity, and some co 
operation on the parts of the colleges and 
industry should contribute much toward 
relieving the critical shortage of eng 
neers. 





Options and Ornamentalities * 
“Abridged” 


By A. G. CONRAD 


Chairman, Electrical Engineering Department, Yale University 


Many years ago, I asked my predeces- 
or, Charles F. Seott, why he was so in- 
stent that his staff attend the SPEE 
weetings. He replied that it offered great 
portunity for us to “listen to the deans 
ind department heads tell about what a 
ood job they are doing—particularly in 
playing checkers with the curriculum.” It 
vems particularly fitting and historically 
wrrect for this meeting to have a couple 
department heads carry on this tradition 
ind to recommend to you the proper pro- 
portions of the educational menu called 
the electrical engineering curriculum and 
to specify the content of these more choice 
orsels, commonly ealled options. 

As outlined earlier by our chairman, 
uy participation should be limited to a 
discussion of the power option only, and 
the communication option should be left 
in the more competent hands of my good 
friend, Professor Ryder. Then after Pro- 
fessor Ryder and I have exhausted our 
energies in attempting to prove to the 
world the vast importance of these two 
particular options, the third member of 
our panel will toss into the meeting a 
lighted fireeracker which shall terminate 
some of the nightmares of academic con- 
fusion, clarify the objectives of the cur- 
rieulum, and standardize our electrical 
engineering programs along lines consis- 
tent with aecepted Gallop Poll opinions 
as of 1951. 

There is nothing sacred about a cur- 
riculum, and therefore nothing sacred 
about an option. Both are set up to facil- 
_ * Presented at A.S.E.E. meeting, East 
Lansing, Michigan, June, 1951. 


177 


itate organization, administration and ree- 
No direct educational benefits ar 
derived from either. The curriculum of 
the very best and the very poorest schools 
can look exactly the same on paper, just 
as the menu at the Waldorf could list 
precisely the entries on the menu at “Joe’s 
Beanery.” There is a vast difference be- 
tween the intellectual nourishment derived 
from a well organized, competent faculty 
and that obtained from a weak staff. Yet 
the curricula in which these staffs operate 
may be identical. A curriculum, like 4 
menu, is nothing more than a list indicat 
ing order of service with no guarantee ot 
quality. A curriculum is not indicative of 
the quality of the institution, competence 
of the instructor, adequacy of mental or 
physical facilities, or a guarantee of a 
valid education. 

The undergraduate curriculum in elec- 
trical engineering has been in a continuous 
state of revision. Some recent revisions 
undoubtedly resulted in improvements 
others are of little consequence or may be 
detrimental. The surest method of start- 
ing a new curriculum is to appoint a new 
department head. Too frequently admin- 
istrators resort to making a change and 
calling it an improvement. I, for one, 
feel that changes in a curriculum without 
changes in the teaching staff will cause 
little change in the effectiveness of any 
program. A curriculum, no matter how 
well organized, can never be better than 
the teaching staff that administers it. <A 
perfect listing of undergraduate courses 
without a competent teaching staff can 
look good in the catalog, but in reality, 


ords. 
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it is only an educational ornamentality. 
Throughout American education there 
have appeared annually many cateh 
phrases which, through publicity, attract 
attention. Twenty years ago, this organ- 
ization was shouting about “creative think- 
ing” and a few of our leading educators 
seemed to have, in their own opinion, a 
monopoly on this supposedly novel objec- 
tive. The rage subsided and we haven’t 
any proof that the whole thing was any- 
thing more than an educational orna- 
mentality. 

In following years, educators spent 
much time on the so-called Comprehensive 
Examinations. Interest in this supposedly 
novel feature died rapidly when we be- 
came aware that such examinations have 
not contributed greatly to the competence 
of the graduate and that these examina- 
tions were, in many cases, just other edu- 
cational ornamentalities. 

Several years ago, a new crop of cur- 
ricula sprung up under the name of Engi- 
neering Physies. Some of the programs 
were of high quality. Others consisted 
only of a common physies program with a 
maximum of two elementary engineering 
courses, such as engineering mechanics, 
inserted in place of some electives. Such 
programs are not engineering-physics. 
They are certainly not engineering. 
While they may look good in the catalog, 
in reality, they fall into the category of 
ornamentalities. 

I do not wish to imply that all of these 


innovations and experiments wit} 


1 th 


ricula have been failures. The ¢: 
they have produced greatest 
undoubtedly those associated with 


petent teaching staff. 


Any prog 


in the hands of an incompetent facy); 


sults in a failure, regardless of its oro 


ization. 


Perhaps these comments seem 


’ 


1rre ley ant 


to the subject under discussion. They arp 


not intended as such. 


Neither ar 


tended to belittle the ideas expressed b 
other members, present or past, on sug. 
gested change in electrical engineering 
programs. Change is always necessary. 
and without change, progress is impossible. 
It should be remembered by all of us that 
a change does not guarantee improvement; 
and that the recommendations of A.S.E.E 
speakers quite frequently possess a novel 
appeal, but that they have no enduring 
value and eventually fall into the class of 
educational ornamentalities. 


The organization of a good teaching 


staff is far more important that the organ- 
ization of options. A good faculty is the 
greatest asset of a university. A poor 
faculty produces nothing but liabilities 


financial and mental. 


Certain options in 


a university curriculum may be very sue 
cessful in institutions where proper staff 
and facilities are available. If these facil- 
ities and educators are not available, an) 
attempt to offer such options will result in 


nothing more than 
ities. 


eatalog ornamental- 





Report of the Vice President for Instructional 
Activities 


Division 


It has been customary for the vice presi- 
jent for instructional activities to sum- 
yarize in his annual report the instruc- 
ional activities of the past year. His re- 
sponsibility is stated to be the activities of 
the Committees and Divisions and he has 
dso been given a general responsibility 
for the program of the Annual Meeting 
and for the Summer Schools. However, 
the Secretary will cover all of the current 
activities adequately in his report and 
therefore it seems more useful for your 
rice president to give his attention to an 
analysis of the effectiveness of our activ- 
ities with a view to determining directions 
for improvement. 


The Divisions 

The twenty-one Divisions of the Society 
were first credited with bringing it a new 
life and were later criticized for having 
reduced the general interest of the Society 
in discussions of pedagogy. Both are 
probably true statements. The growth of 
the Divisions beginning in the nineteen- 
thirties coincided with a growth of the So- 
ciety for which they were doubtless in part 
responsible. Most engineering teachers 
lave not studied courses in education. Ac- 
ordingly, their interest in education or 
pedagogy is directly associated with sub- 
ject matter. In talking about principles 
in edueation they invariably use illustra- 
tions from subject-matter fields. Hence, 
for the mere purpose of communication 
they choose to group themselves under 
subject-matter divisions. Thus the orig- 
inal Divisions were born, and in this lies 
their strength. A few non-subject-matter 
Divisions sueh as Cooperative Engineer- 
ing and Relations with Industry exist for 
obviously different purposes. 
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The question to be raised is whether the 
multiplicity of Divisions should be en- 
couraged or discouraged. The writer was 
involved in the formation of two Divisions 
and he recalls vividly the enthusiasm en- 
gendered at that time and the heavy at- 
tendance at the early sessions sponsored 
by these Divisions. Despite the doubling 
of our membership in about a decade, ses- 
sions appear to be smaller rather than 
larger. Attention may be called to the 
fact that despite a 100 per cent increase 
in membership the largest meeting held 
by the Society was not in 1950 or 1951 
but was in 1939 at the Pennsylvania State 
College. 

It could be very important to the future 
of ASEE to re-develop the original en- 
thusiasm created by the formation of the 
Divisions of the Society. Certaintly this 
eannot be done by discouraging the forma- 
tion of new Divisions or by eliminating 
those that exist, although there should be 
no hesitancy in eliminating any Division 
that becomes lifeless and unable to eonduct 
its proper activities. The immediate need 
is to bring the Divisions into the forefront 
of Society activity and this can be done 
by working through them in matters of 
general Society affairs. 

As an example of an enlivening influ- 
ence upon the Divisions let us consider the 
plan to preduce a study or evaluation of 
engineering education during the next two 
or three years. It will be a stimulating 
influence to have the Divisions associated 
with this study. Since an institutional 
committee will be appointed on each 
campus, it is reasonable to assume that 
each institutional committee will have at 
least one member who is a mechanical 
engineer. If these mechanical engineers 
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who are engaged in the evaluation of en- tration fee limited by Counc: 
gineering education on many campuses $1.50 per day. These reg! 
can be contacted by the Mechanical Engi- been followed without complain: 
neering Division, they can be organized It is believed that the prese: 
within the framework of the Division for the conduct of unlimited inform 
active exchange and correlation of infor- schools should be continued a) 
mation. The same would be true for most Society should leave to the Divi 
Divisions of the Society. The result Committees the initiative in this yp, 
should be better committee work at the The summer conference sponsor 
institutional level and a great stimulation Committee on “Improvement ( 
of Division activity. ing” conducted at Schenectad 
cil approval through the coo), 
the General Electrie Company 

The Society has two kinds of Commit- periment that will deserve stu) 
tees, standing committees and task com- tainly the ASEE desires the closest 
mittees. Task committees are appointed tions with industry and should inyit 
to accomplish a given task, and as soon as_—s cooperative arrangements when th 
the task can be reasonably accomplished _ tive is clearly, as in the present 
the task committee should be promptly a desire on the part of industry 
discharged. Rotation of membership is the education of engineers. 
therefore not normal in a task committee. 
In contrast, a standing committee provides 
an opportunity for rotation of member- Those who feel that our Society has 
ship that builds interest and morale in the some of its interest in the discus 
membership of the Society. Each year all educational problems on a_ nor 
standing committees need to be studied matter basis should study the prog 
from the viewpoint of their continued use- the annual meeting. Before thie « 
fulness to the Society. Inactive commit- ment of the ECAC and ECRC th: 
tees are corrosive since the membership eral meetings were frequently d 
considers such appointments to be an un- such educational discussions. For the pas 
deserved honor. An annual report should two years the only part of the prog 
be required from every committee to that might be considered to be of t! 
justify its continuation. ture has been the President’s address : 
a brief report from the “Committ 
Improvement of Teaching.” 

Three or more summer schools have If the Council should feel 
been conducted each summer for the past about the need for stimulating ver 
three years. Before that, a single summer  diseussions of teaching and of engineering 
school only was sponsored. The evidence education on a non-subject-matter basis, i! 
is quite conclusive that the new plan is should decide that a new type of progra! 
serving more persons in a very useful for the Annual Meeting is in order. 
manner. The present type of informal a program might provide alternate ger 
summer school is an expansion valve for eral meetings to those of ECAC a 
the annual meeting. Any ambitious group ECRC or it might increase the number 0! 
can plan a summer school either in as- general meetings. A plan by which ea 
sociation with or at a different time and morning from Monday through Thursia) 
place than the annual meeting. The only would be devoted to one or to two no! 
requirement that needs to be maintained conflicting general sessions with alte! 
is that the summer school really concern _noons and evenings given to the [)ivis! 
itself with engineering education and not and Committees would lend a considera! 
become a research seminar. It must also different character to the Annual Meeting 
maintain a balanced budget with a regis- In this final annual report I wish to ex 


The Committees 


The Annual Meeting 


The Summer Schools 


ns 





REPORT ON INSTRUCTIONAL ACTIVITIES 


oress my appreciation for the opportunity 
., serve the American Society for Engi- 
ering Edueation during the past two 
ars. Only the officers have the oppor- 
nity to observe the time and attention 
ven by so many individuals to the work 
if the Society. It must be that these in- 
jiyiduals consider it to be “their Society” 
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in the best sense of that expression. It 
is always a pleasure to be a part of such 
an organization. 


Respectfully submitted, 


L. E. GRINTER, 
Vice President for Instructional Division 
Activities 


Report of Vice President in Charge of Sections 
and Branches 


Sectional aetivities in the Society have 
heen excellent during the past academic 
year, and a large portion of the meetings 
ave been attended by various members of 
vour Exeeutive Committee. 

As indicated at the Council meeting held 
t Houston, Texas, shortly before the first 
f the year, practically all of the Sections 
have carried the theme of the annual meet- 
ing concerning the development of more 
intimate contact with the faculty of the 
secondary schools of mathematies and sci- 
ence to encourage more qualified students 
to enroll in engineering and science. Ap- 
parently there have been good results from 
such a program as there are indications of 
a definite upturn in enrollment during this 
past vear. 

All of the Sections have been alerted to 
the present as well as the expected short- 
age of engineers during the next few 
years, and excellent panels, talks, and 
other diseussions have resulted. The See- 


tions have been encouraged during the 
past year to increase the participation of 
younger teachers in the Society, and your 
officers have found on visits to the schools 
that excellent work is being done by the 
young teachers. It is felt that encourage- 
ment of this plan is essential in preparing 
adequate leadership for future years of 
the Society. 

Reports reviewed by the various See- 
tions are stimulating and it is elear that 
our Society is in excellent shape. Many 
new members have been enrolled, interest 
in the Society is spreading rapidly and 
with continued good leadership, our Sec- 
tions, wherein lies our real strength, are 
going to continue to help our Society meet 
its obligations. 


Respectfully submitted, 


M. M. Bortna, 
Vice President in charge of 
General and Regional Activities 





Annual Report of the Engineering College 
Administrative Council | 


Officers and Committees: At the March meeting a number 
tivities were dealt with. A nominati 
committee was appointed to pro; 
slate for 1952-53 at the June meet), 


The officers of the Engineering College 
Administrative Council for the year 1951- 
52 were: J. H. Lampe, Chairman; W. R. Committee members included F. E. Te 
Everitt, Siig . man, Chairman, and H. O. Croft and L 

Executive Committee Members _were: E. Seeley. Program details of the Jy 
W. T. Alexander, J. F. Downie Smith, M. 

A. Durland, H. E. Wessman, and J. H. 
Davis. 


meeting were discussed, and it was decided 
to limit the number of topies considere 
in order to allow sufficient opportunity for 

Committee chairmen were: International full discussion. It was further decided { 
Relations, L. J. Lassalle; Military Affairs, change the name of the “Closed Session” 
William Allan; Secondary Schools, W.S. to “ECAC Session for Institutional Rep 
Evans; Selection and Guidance, H. Russell _resentatives” in order to avoid a wrong 
Beatty; Manpower, George D. Lobingier. impression. No attempt would actually 

made to exclude members not instituti 
Executive Committee Meetings: representatives. In connection a 
ASEE Program of the Year, the Com: 

Three executive committee meetings tee explored the possibilities of an ECA 
were held during the year, the first in Committee on Junior Colleges and decick 
Houston, Texas, on November 15, and the to expand the activities of the Seconda 
second and third at the Cornell Club in Schools Committee to include this phas 
New York City on January 24, 1952, and activity. 
on Mareh 7, 1952. 

At the Houston meeting, W. L. Everitt 
was acting-chairman as well as secretary, The prime interests of the ASEE 1! 
due to the illness of Chairman J. H. year are summarized as follows: 
Lampe. Matters discussed included: Pro- 1. Activities which would lead to : 
fessor Bronwell’s Japanese Mission; the bring about scholastic improvement 
representation of ASEE in UNESCO; the engineering college programs 
program for the summer meeting, and or- teaching. 
ganization of an ad hoe committee on rela- 2. Activities leading to a fuller under 
tions with secondary schools. standing of engineering educat se 

The meeting of January 24 was at- programs, especially by means oi 

tended by President Hollister and Seere- cooperation of high school teachers at 
tary Bronwell of ASEE and Vice-presi- engineering college teaching and aclmu 
dent Lampe and Secretary Everitt of istrative groups. 
ECAC. Progress was made at this meeting [pn order to further these section activities 
on planning the program for the annual and to carry on overall programs, the 
meeting at Dartmouth. Other matters dis- ECAC, through its several committees, bas 
eussed included work with secondary carried out programs of study, made re 
schools and guidance and counseling. * ommendations on the subjects concerns 


Projects of the Year: 
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CANDID COMMENTS 


and developed programs for the national 
meeting. 
News Bulletins: 

During the past year the ECAC News 
Bulletin was circulated three times to our 
‘nstitutional, associate, and affiliate mem- 


bers, and to the ASEE officers and council 
members. 
Respectfully submitted, 
J. H. Lamps, Vice President 
Engineering College Administrative 
Council 


Candid Comments 


Secretary 

AS.E.E. 

Northwestern University 
Evanston, Illinois 


Dear Sir: 

As the interested mother of a young 
man who teaches engineering subjects, I 
often re-read articles in the JouRNAL OF 
ENGINEERING Epucation. I find this a 
really educational occupation. 

Just this morning, in checking over old 
issues, I find in the April, 1949 issue a 
most unusual article by T. J. MacKav- 
anagh, Catholic University of America. 
I must admit that until this moment I 
lid not note his connection with a religious 
nstitution.) The article is entitled “On 
Pussyfooting.” 

This article is much too good to be con- 
fined to a Journal which the general run 
f people do NOT see. For many years 
I have wished that some one would stir up 
some action of this sort in connection with 
the so-ealled institutions of “higher eduea- 


tion.” Freshmen come in at 17 or 18 
most impressionable years—away from 
home for the first time, and regardless of 
any previous leaning toward what is called 
“religious training,” they are tossed into 
classes where they are too often laughed 
out of any religious feeling. Mr. Mac- 
Kavanaugh quotes from an article in 
the September, 1948 JourNaL, page 10, 
“Words seem to be lacking to define the 
exact need we would fill—for we must not 
call it religion—so let us say an unpledged 
allegiance to HONOR, which Webster de- 
fines. oe 

I can think of a number of retired 
teachers—professors emeritus—who could 
very well devote a part of their retirement 
to teaching an oceasional class (elective) 
along these same lines. A_ thoughtful 
teacher MUST see just what is happening 
to young people who have no such “un- 
pledged allegiance to honor.” 

Very truly, 
JOSEPHINE Scott CAMPBELL, 
Pasadena, California 





Third National Surveying Teachers’ Conference 


The Third National Surveying Teachers’ 
Conference was held August 3-8, 1952 at 
Camp Rabideau, Blackduck, Minnesota 
under the joint sponsorship of Committee 
VIII (Surveying and Mapping) of the 
A.S.E.E. Civil Engineering Division and 
of the University of Illinois. Delegates 
from more than fifty colleges of the United 
States and Canada discussed the teaching 
of surveying in today’s engineering cur- 
riculum and heard papers by outstanding 
surveying teachers and representatives of 
governmental and private surveying and 
mapping groups. 

EK. C. Wagner reported the findings of 
a nationwide questionnaire survey which 
showed a breakdown of class hours de- 
voted to various topies in the sequence of 
surveying courses, a helpful compilation 
for comparative study. The value of sur- 
veying to engineers, civil and non-civil, 
was affirmed in papers by Norman Porter 
and R. C. Rautenstraus. 

A panel diseussion on the requirements 
and demands for surveying in engineer- 
ing education was conducted by M. B. 
Gamet. Panelists were: George H. Hard- 
ing, Sol A. Baure, Robert C. Johnson, and 
L. O. Stewart. 

The American transit was appraised by 
R. K. Palmer, and a new type tripod was 
revealed in a paper by John J. Durkin of 
the Engineering Research and Develop- 
ment Board to be in the final stages of the 
development. Sumner B. Irish offered 
several further areas in surveying that 
invite research in equipment, procedures, 
and technique, and urged that such proj- 
ects be undertaken at once to keep pace 
with modern science. One such develop- 
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ment, the use of electronic 
equipment, was deseribed by ( 
Carl I. Aslakson, U.S.C.G.S. H 
dicted widespread use of trilaterat 
replace triangulation within a 

years with a high order of aceu 
with a great saving of time. Phot 
metry, the newest tool of the surv; 
geodesy, one of the oldest and m 
sary, were reviewed and their 
today’s curriculum discussed. P: 
photogrammetry were presented | 
deJong and Leo V. Nothstine. 

on geodetie surveying was given | 
Schmidt. 

One of the more important mat! 
teaching of surveying in the class) 
in the field, occupied the conferc: 

a day-long session. Audio-visua 

ing aids was the subject of a p 
Kenneth S. Curtis, and Alfred C. $ 
speaking on “Ten Thousand Maps : 
Service,” urged the teachers to 
surveyors and engineers with th: 

able maps and demonstrate thei: 
utility in solving many everyday pro! 
Exeellent ideas were contributed 
subject of field instruction by Otto 
Zelner, while Fred J. Spry detailed 
several methods in use throughout th: 
tion’s schools for the storage, handli 
and care of surveying instruments 
equipment. Many ideas were exchange 
in the session devoted to field techniques 
conducted by Carl A. Egner. 

The papers of the Third National Co: 
ference will shortly be published u 
bound volume and may be procured 11 
Professor Sumner B. Irish, Editor, 
Princeton University at nominal cost 


JouRNAL or ENGINEERING EpucaTIo‘ 





Section 


‘Allegheny 


[llinois-Indiana 


Kansas-Nebraska 


Michigan 


Middle Atlantie 


Missouri 


Section Meetings 


Location of Meeting 
West Virginia 
University 


Rose Polytechnic 
Institute 


University of Kansas 


Detroit Institute of 
Technology 


Manhattan College 


Washington University 


National Capital Area Catholic University of 


New England 


North Midwest 


*Ohio 


*Pacific Northwest 


Pacific Southwest 


*Rocky Mountain 


‘Southeastern 


Southwestern 


Upper New York 


America 
Howard University 
University of 
Maryland 
Worcester Polytechnic 
Institute 


Iowa State College 


University of 
Cincinnati 


Washington State 


College 


California State Poly- 


technic College 


University of 


Wyoming 


Louisiana State 


University 


University of 


New Mexico 


Alfred University 


Dates 


May, 16, 1953 


Oct. 24-25, 
1952 
May 9, 1953 


December 6, 
1952 

April 11, 1953 

Oct. 7, 1952 


May 9, 1953 
Feb. 3, 1953 


Oct. 18, 1952 


Oct. 3-4, 1952 


April, 1953 


Spring, 1953 


Dee. 29-30, 
1952 


April 19, 1952 


March, 1953 


April 3 & 4, 
1953 

October 10-11, 
1952 


Chairman of Section 


C. H. Cather, 

West Virginia Univer- 
sity 

H. A. Moench, 

Rose Polytechnic 
Institute 

M. A. Durland, 

Kansas State College 

C. C. Winn, 

Detroit Institute of 
Technology 

W. B. Plank, 

Lafayette College 

G. F. Branigan, 

University of 
Arkansas 

L. K. Downing, 

Howard University 


E. T. Donovan, 

University of New 
Hampshire 

S. J. Chamberlin, 

Iowa State College 

H. K. Justice, 

University of 
Cincinnati 

J. P. Spielman, 

Washington State 
College 

C. E. Cherry, 

College of Marin 

C. A. Hutchinson, 

University of 
Colorado 

D. V. Terrell, 

University of 
Kentucky 

M. L. Ray, 

University of Houston 

R. M. Campbell, 

Alfred University 


Members of the Society are welcome at all Section Meetings 


*No Date Set. 
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ASEE Committees, 1952-53 


Associate Institutional Membership: J. C. 
McKeon, Chairman, Westinghouse Electric 
Corp., East Pittsburgh, Pa., H. K. Breck- 
enridge, C. E, Davies, L. J. Fletcher, C. J. 
Freund, Keith Glennan, E. P. Hamilton, 
8. C. Hollister, W. N. Jones. Ex-officio: 
W. R. Woolrich, A. B. Bronwell. 

Atomic Energy Education: For three years: 
L. M. K. Boelter, G. H. Hawkins; for two 
years: H. B. Hansteen, H. E. Wessman; 
for one year: H. H. Armsby, R. C. Ernst. 
Secretary: A. F. Thompson, AEC. 

Constitution and By-Laws: H. H. Armsby, 
Chairman, U. 8S. Office of Education, 
Washington, D. C., L. A. Bingham, E. C. 
Easton, C. J. Freund, E. K. Kraybill, G. 
A. Marston, L. E. Seeley, L. F. Smith. 

Engineering Economy: H. S. Osborne, 
Chairman, American Telephone & Tele- 
graph Co., New York, N. Y., J. M. Apple, 
E, D. Ayres, J. C. Gebhard, E. M. Gris- 
wold, A. R. Gruehr, A. Lesser, J. F. Ma- 
nildi, K. B. MeEachron, Jr., W. D. Me- 
Ilvaine, S. J. Montgomery, W. R. Spriegel, 
H. G. Thuesen, J. E. Vivian. 

Engineering School Libraries: George Bonn, 
Chairman, The Rice Institute, Houston, 
Texas, J. E. Allerding, C. W. Bennett, 
W. S. Budington, E. A. Chapman, W. R. 
Harvey, Wm. Hyde, P. Leslie, C. Penrose, 
M. Ritchie, H. E. Sauter, V. D. ‘Tate, 
I. A. Tumbleson. 

Ethical Standards, Promotion of: C. J. 
Freund, Chairman, University of Detroit, 
Detroit, Mich., N. A. Christensen, N. W. 
Dougherty, E. F. Obert. 

Evaluation of Engineering Education: L. 
E. Grinter, Chairman, University of Flor- 
ida, Gainesville, Fla.. H. H. Armsby, L. 
M. K. Boelter, A. P. Colburn, C. S. Crouse, 
J. P. Den Hartog, N. W. Dougherty, T. H. 
Evans, W. L. Everitt, R. C. Ernst, M. G. 
Fontana, D. F. Gunder, J. F. Gregg, G. A. 
Hawkins, S. C. Hollister, J. A. Hrones, 
L. H. Johnson, J. Marin, G. Murphy, M. 
P. O’Brien, R. L. Pigford, D. H. Pletta, 
R. 8. Poor, J. H. Rushton, H. Rouse, T. 
Saville, H. H. Skilling, A. F. Spilhaus, 
R. L. Sweigert, R. B. Teare, E. A. Walker, 
E. Weber, H. E. Wessman, C. L. Wilson, 


A. Wolman, W. R. Woolrich. D 
A. B. Bronwell. 

Financial Policy: F. M. Dawson, Cha 
State University of Iowa, Iowa City, Sai 
8. C. Hollister, Thorndike Saville, ¢. 1) 
Skelley. 

George Westinghouse Award: F. B. gooly 
Chairman, University of Illinois, Ur 
Iil.; (retiring in 1956) Fred Pumphrey, 
B. G. Elliott; (retiring in 1955) G. W 

Gleeson, H. Rouse; (retiring in 1954) q. 

P. Hammond, F. B. Seely; (ret 

1953) N. 

N. N. Muller, ex-officio. 

James H. McGraw Award: 


. Yo ing, 


rmar 


A. Christensen, R. E. Vivi: 


‘Vian; 


Lamme Award: F. E. Terman, Chairman, 
Stanford University, Stanford, Calif,; 
(retiring 1956) George Granger Brown, 
Jess H. Davis, J. C. Warner; (retiring 
1955) J. C. McKeon, R. L. Sweigert, F. 
KE. Terman; (retiring 1954) M. M. Bor 
ing, M. P. O’Brien, B. R. Teare; (retir 
ing 1953) N. W. Dougherty, W. K. Lewis, 
K. F. Wendt. 

Membership: W. R. Woolrich, Chairma 
University of Texas, Austin, Texas. 
stitutional Chairmen: G. H, Dunstan, 
D. Mellvaine, W. 8. Wilson, M. L. Thorn 
burg, A. S. Turner, G. F. Branigan, E. D. 
Howe, D. L. Trautman, A. Hansen, ©. 0. 
Terwilliger, F. Thomas, C. E. Knott, RB. J. 
Smith, J. N. Goodier, W. C. DuVall, ¢. 
M. Knudsen, T. H. Evans, W. M. Richt 
mann, H. J. Reich, F. L. Castleman, L. W. 
Gleekman, T. J. MacKavanaugh, M. A. 
Mason, L. K. Downing, F. H. Pumphrey, 
C. L. Emerson, J. Hugo Johnson, E. RB. 
Whitehead, F. W. Trezise, R. A. Klip- 
hardt, R. E. Gibbs, 8. H. Pierce, D. 8. 
Clark, H. E. Ellithorn, H. A. Moench, F. 
Kerekes, C. J. Posey, T. D. Carr, ©. 8. 
Crouse, M. G. Northrup, L. J. Lassalle, 
G. L. Corrigan, G. G. Hughes, L. H. 
Johnson, A. S. Campbell, L. M. Kells, 

A. Wolman, W. J. Huff, G. A. Marston, 

W. T. Alexander, G. M. Fair, R. B. Finch, 
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w. E. Farnham, T. H. Morgan, B. K. 
Thorogood, M. N. Arlin, E. Boyce, W. P. 
Godfrey, A. R. Carr, J. M. Apple, G. P. 
Rrewington, G. W. Swenson, L. L. Henry, 
4, Brown, E. N. Kemler, H. Flinsch, 
Stallworth, D. S. 


Hl 0. Croft, T. W. 
Eppelsheimer, J. B. Macelwane, L. E. 
tout, E. W. Schilling, J. R. Van Pelt, 
R M. Green, L. E. Seeley, S. G. Palmer, 
¢ R, Stearns, R. H. Baker, J. A. Bradley, 
J. L. Potter, K. H. Condit, M. E. Farris, 
R. M. Campbell, W. G. Camp, M. A. 
Thomas, Ernst Weber, N. 8. Hibshman, 
F. H. Thomas, J. F. MeManus, William 
Allan, J. R. Ragazzini, E. 8. Burdell, H. 
Torgesen, L. L. Merrill, L. D. Conta, H. W. 
Bibber, R. A. Galbraith, G. K. Palsgrove, 
J. W. Green, E. K. Kraybill, R. E. Fa- 
jum, R. M. Dolve, E. L. Lium, R. D. Lan- 
ion, E. H. Gaylord, H. K. Justice, G. L. 
Tuve, J. Arendt, G. M. L. Sommerman, 
k. 8. Paffenbarger, J. H. Belknap, J. H. 
Parr, J. B. Brandeberry, E. F. Dawson, 
M. R. Lohman, R. L. Langenheim, W. F. 
Engesser, J. J. Karakash, R. G. Crosen, 
B. H. Bueffel, H. R. Bintzer, C. C. Cham- 
ber, J. W. Graham, C. H. Ebert, K. L. 
Holderman, J. D. MeCrum, J. S. More- 
house, T. S. Crawford, J. H. Marchant, 
L. 8S. LeTellier, J. H. Sams, R. L. Sum 
walt, H. M. Crothers, L. R. Palmerton, 
R. M. Boarts, F. J. Lewis, R. S. Poor, 
J. A. Focht, H. C. Dillingham, S. Thomp- 
son, G. S. Bonn, M.-L. Ray, D. E. Hol- 
comb, J. E. Christiansen, A. L. Taylor, A. 
F, Tuthill, D. L. Snader, J. B. Jones, C. 
Henderson, R. J. Trinkle, R. D. Sloan, 
F. H. Rhodes, C. H. Cather, K. F. Wendt, 
W. D. Bliss, H. Gaudefroy, K. F. Tupper. 

Program: W. R. Woolrich, Chairman, Uni- 
versity of Texas, Austin, Texas, Arthur 
§. Adams, H. T. Heald, J. R. Killian. 

Public Relations: R. W. Schmelzer, Chair- 
man, Rensselaer Polytechnic Institute, 
Troy, N.Y., R. G. Fiedler, J. I. Mattill, 
D, W. Miller, Chas. Moravee, L. A. Rose, 
J. G, H. Thompson. 

Publication: A. B. Bronwell, Chairman, 
Northwestern University, Evanston, IIL, 
8. C. Hollister, C. L. Skelley, James 8. 
Thompson, C, E. Watson, W. R. Woolrich. 

Recognition and Incentives for Good 
Teaching: E. R. Stapley, Chairman, Ok- 
lahoma A & M College, Stillwater, Okla., 
Ralph Barnes, G. A. Hawkins, P. E. 
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Hemke, Elmer Hutchisson, L. H. Johnson, 
H. E. Wessman. 

Relations with Federal Government (Co- 
ordinating Committee): Jess Davis, Chair 
man, Stevens Institute of Technology, 
Hoboken, N. J., Wm. Allan, D. S. Bridge 
man, J. H. Lampe, Thorndike Saville, 
L. F. Smith, S. S. Steinberg, E. A. Walker, 
R. J. Woodrow. (Also chairman of 
Atomie Energy Education Committee.) 
Ex-officio: W. R. Woolrich. 

Sections and Branches: M. M. Boring, 
Chairman, General Electric Company, 
Schenectady, N. Y., Wm. Allan, H. H. 
Armsby, W. P. Godfrey, D. M. Griffith, 
L. D. Jones, E. J. Lindahl, J. R. Lorah, 
C. A. Mockmore, E. F. Obert, G. K. Pals 
grove, F. H. Pumphrey, N. F. Rode, B. L. 
Wellman, K. F. Wendt, H. H. Wheaton, 
D. G. Wilson. 

Society Functions: B. R. Teare, 
Carnegie Institute of Technology, Pitts- 
burgh, Pa., H. H. Armsby, H. W. Barlow, 
S. C. Hollister, K. B. MeEachron, Jr., 
D. H. Pletta, E. A. Walker. 

Teaching Aids Committee: C. W. Muhlen- 
bruch, Chairman, Northwestern University, 
Evanston, Ill., F. D. Carvin, J. H. Daw- 
son, J. L. Hutchins, R. J. Jeffries, W. A. 
Nielsen. 

Textile Engineering: G. N. Reed, Chairman, 
Lowell Textile Institute, Lowell, Mass., 
L. B. Coombs, W. D. Fales, R. B. Finch, 
J. E. Foster, L. H. Hance, B. W. Hay 
ward, D. E. Holeomb, W. C. Knight, J. 
W. Mefarty. 

Young Engineering Teachers: Roger W. 
Sampson, Chairman, University of Flor- 
ida, Gainesville, Fla.; Vice Chairman 
(Sectional), M. E. Van Valkenburg; Vice 
Chairman (Local), P. Kyburz; Sectional 
Sub-Chairman: New England — Harold 
Ries; Upper New York—Joseph Salerno; 
Middle Atlantic—F. L. Schwartz; Na- 
tional Capital Area—M. 8S. Ojalvo; Alle- 
gheny—D. Van Meter; Ohio—R. T. Howe; 
Michigan—M. Dueody; Illinois-Indiana— 
C. E. Work; North Midwest—S. S. John- 
son; Missouri—W. M. Sangster; Kansas- 
Nebraska Southeastern— 
H. A. Owen, Jr.; Southwestern—R. D. 
Slonneger; Pacific Southwest—C. L. Son- 
neschein; Rocky Mountain— ———— ; 
Pacific Northwest— —— Ad- 
visors: D. Trautman, L. W. Gleekman. 


Chairman, 
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ECAC Committees 


International Relations: S. S. Steinberg, 
Chairman, University of Maryland, Col- 
lege Park, Md., H. O. Croft, F. M. Daw- 
son, L. E. Grinter, H. L. Hazen, L. J. 
Lassalle, James S. Thompson, R. E. 
Vivian, W. R. Woolrich. 

Manpower: D. S. Bridgman, Chairman, 
American Telephone & Telegraph Co., 
New York, N. Y., O. W. Eshbach, K. P. 
Hanson, 8. C. Hollister, W. R. Horsley, 
Lee H. Johnson, A. A. Soderquist. 

Military Affairs: William Allan, Chairman, 
City College of New York, New York, 
N. Y., J. H. Davis, E. E. Dreese, P. E. 
Hemke, 8. C. Hollister, J. H. Lampe, E. 


B. Norris, M. H. Trytten, H 
W. C. White, W. R. Woolri: 

Secondary Schools: S. H. |’), 
University of Illinois, Ur} 
Brennecke, H. P. Burden, |) 
G. A. Hawkins, P. E. | 
Johnson, R. D. Landon, 1! 
C. V. Newsom, R. C. Potte: 
Smith, E. R. Wilcox. 

Selection and Guidance: N. \ 
Chairman, University of Tei 
ville, Tenn., D. S. Bridgma: 
vert, Harold Flinsch, Georg 
N. A. Parker, Robert H. 
Schoenborn. 


ECRC Committees 


Executive Committee: IF. C. Lindvall, R. J. 
Woodrow (1955); J. H. Hamilton, A. A. 
Jakkula (1954); T. L. Joseph, R. A. Mor- 
gen (1953). 

Contract Relations with the Federal Gov- 
ernment: R. J. Woodrow, Chairman, 
Princeton University, Princeton, N. J., 
W. B. Burford, A. P. Colburn, T. E. 
Davis, G. A. Green, W. T. Middlebrook, 
G. A. Rosselot, N. MeL. Sage, H. A. 
Schade, R. B. Stewart, C. W. Williams; 
E. A. Walker, ex-officio. 

Relations with Industrial Research Agen- 
cies: H. K. Work, Chairman, New York 
University, New York, N. Y., 8S. T. Car- 
penter, H. O. Croft, E. W. Engstrom, G. 


A. Hawkins, J. H. Perrine, H. A 
N. A. Shepard, H. N. Stephens 
Vesper, K. F. Wendt. 

Advisory Committee on Basic Engineering 
Research: E. A. Walker, Chai) , Penn 
sylvania State College, State College, Pa., 
W. L. Everitt, Thorndike Saville, T. K 
Sherwood, K. F. Wendt. 

Nominating Committee: L. J. Lassalle, 
Chairman, Louisiana State Universit 
University, La. (1953); H. K. 
(1955), W. L. Everitt (1954). 

Program Committee: R. A. Morgen, Chair- 
man, National Science Foundation, Wash- 
ington, D. C., A. A. Jakkula, S. S. Stein- 
berg. K. F. Wendt. 


Representatives of the Society on Various Committees, 
Boards, and Commissions 


American Association for the Advancement 
of Science: 

Representatives to Council: I. P. 0 «) 
W. R. Woolrich. 

Cooperative Committee on Teac’ 
Science and Math: mat a" 
Schmict, C. E. W: 

American Council! on Faic tion. H, T. 

Heald, S. C. Hollister (19a) ; H. S. 

Rogers, Thorn ke Saville (1954); A. B. 
Hovde (1953). 


Bronwell, F. L 


American Society of Civil Engineers 


Joint Committee on Advancement of 
Sanitary Engineering: J. C. Dietz, G. I 
Dunstan, J. E. Kiker, Jr. 


american Standards Association: 


Y1—Abbreviations: H. ©. T. Eggers, H 
H. Porsch. 

Y10—Symbols and Abbreviations: W. A. 
Lewis, Chairman, T. C. Hanson, P. J. 
Kiefer, W. B. Plank, M. ©. Stuart, 
C. C. Whipple. 
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gub-Committee Z10.4-1943—Letter 
Symbols for Heat and Thermody- 
namics: B. E. Short, H. L. Solberg, 
M. C. Stuart. 

yi4-Drawings and Drafting Room 
Practice: H. C. Spencer, Chairman, F. 
G. Higbee, R. P. Hoelscher, W. J. 
Luzadder, R. S. Paffenbarger. C. L. 
Svenson, C. J. Vierck. 

yi5—Graphic Presentation: R. S. Paf- 
fenbarger, Chairman, D. P. Adams, A. 
§. Levens, R. O. Loving. 

y32—Graphical Symbols and Drawings: 
I. L. Hill, Chairman, J. G. MeGuire, 
k. T. Northrup. 

A62—Coordination of Dimensions of 
Building Materials and Equipment: 
R. A. Caughey. 

(61—Electric and Magnetic Magnitudes 
and Units: Harold Pender, C. V. O. 
Terwilliger, C. F. Rehberg. 

Charles A. Coffin Fellowships and Research 

Committee: W. R. Woolrich. 

Educational Testing Service—Advisory 

Council: H. R. Beatty, Chairman, J. F. 

Calvert, N. W. Dougherty. 
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Engineers’ Council for Professional Devel- 
opment: H. L. Hazen (Oct. 1955); H. T. 
Heald (Oct. 1954); T. S. Saville (Oct. 
1953). 

Engineers Joint Council: 

Engineering Manpower Commission: H. 
H. Armsby, D. S. Bridgman, S. C. Hol- 
lister (William Allan and M. M. Bor- 
ing, alternates). 

General Survey Committee: M. M. Bor- 
ing. 

International Relations Committee: L. J. 
Lassalle, 8S. 8. Steinberg. 

Unity in the Engineering Profession 
Committee: Thorndike Saville. 

National Bureau of Engineering Registra- 
tion: C. L. Eckel. 

National Research Council: G. A. Rosselot 
(June, 1953). 

National Science Foundation—Committee 
on International Exchange of Students: 
S. S. Steinberg. 

National Science Teachers Association— 
Future Scientists and Engineers of 
America: H. R. Beatty. 





New Membets 


ALLEN, Paul, Associate Professor of Chem- 
istry, Stevens Institute of Technology, 
Hoboken, N. J. K. J. Moser, G. P. Rettig. 

ANDERSON, J. GILMAN, Instructor in Build- 
ing Technology, N. Y. State Agricultural 
& Technical Institute, Alfred, N. Y. G. 
S. Whitney, R. M. Campbell. 

BAUGHMAN, Cavins, Instructor in Training, 
Ford Motor Company, Dearborn, Mich. 
R. T. Northrup, H. M. Hess. 

BERLETH, FRANCIS H., Assistant Chief Engi- 
neer, Hughes Tool Company, Houston, 
Tex. W. R. Woolrich, V. L. Doughtie. 

Breck, WALTER H., Associate Professor of 
Drafting, Milwaukee School of Engineer- 
ing, Milwaukee, Wis. R. J. Ungrodt, F. 
Kaufmann. 

Briags, Winu1AM W., Assistant Professor 
of Air Transportation, Purdue University, 
Lafayette, Ind. N. Little, P. E. Stanley. 

Brown, Juuius, Instructor in Engineering, 
St. Louis University, St. Louis, Mo. V. J. 
Blum, J. B. Macelwane. 

Capy, JosEPH G., Instructor in Mechanical 
Engineering, Syracuse University, Syra- 
euse, N. Y. D. U. Greenwald, B. H. 
Norem. 

CHIRLIAN, Pau M., Instructor in Electrical 
Engineering, New York~ University, New 
York, N. Y. P. Greenstein, T. Torgersen. 

CONNELL, JOHN B., Instructor in Engineer- 
ing, St. Louis University, St. Louis, Mo. 
V. J. Blum, J. B. Macelwane. 

Curtis, Rozeu E., Staff Assistant, Techni- 
cal Personnel, General Electric Co., Sche- 
nectady, N. Y. D. W. McLenegan, T. S. 
Marshall. 

DosBiIns, WILLIAM E., Associate Professor 
of Sanitary Engineering, New York Uni- 
versity, New York, N. Y. W. T. Ingram, 
T. Saville. 

DraPerR, ALAN B., Instructor in Industrial 
Engineering, Syracuse University, Syra- 
cuse, N. Y. D. U. Greenwald, B. H. Norem. 

DuNLaP, EuGENE W., Instructor in Engi- 
neering, St. Louis University, St. Louis, 
Mo. V. J. Blum, J. B. Macelwane. 

FENNELLY, DENNIS M., Professional Place- 
ment Supervisor, Burroughs Adding Ma- 
chine Co., Philadelphia, Pa. H. E. Tomp- 
kins, I. Travis. 
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GoopMAN, C. J., Instructor in J 
Detroit Institute of Technolovy. 

Mich. L. L. Henry, E. A. Lucitt, 

GRUEHR, ANATOLE R., Adjunct Profess; 
Economies, Polytechnic Institute of Br. 
lyn, N. Y. H. F. Roemmele, A, 

Jr. 

GUMPERTZ, WERNER H., Assistant 
sor of Building Engineering and 
tion, Massachusetts Institute 
nology, Cambridge, Mass. \\ 

J. T. Rule. 

HINKLE, WALTER C., Assistant irecto 
N. Y. State Agricultural & Technical In 
stitute, Alfred, N. Y. G. S. Whitney 
R. M. Campbell. 

IFRARDI, GORDON S., Associate Editor, Joh 
Wiley & Sons, Inec., 440 Fourth Ave., 
New York 16, N. Y. W. B. Wiley, W. G. 
Stone. 

KELLY, SIDNEY J., Head, Diesel Technology, 
N. Y. State Agricultural & Technological 
Institute, Alfred, N. Y. G. S. Whitneym 
R. M. Campbell. 

KLINE, JAcoB, Assistant Professor of Ele 
trical Engineering, University of 
Island, Kingston, R. I. R. UH. 

C. E. Tucker. 

KNUDSEN, JOHN R., Assistant Professor of 
Mathematics, New York University, New 
York, N. Y. H. A. Giddings, G. A. 
Yanosik. 

KOLSTAD, CHARLES K., Instructor in Diesel 
Technology, N. Y. State Agricultural & 
Technical Institute, Alfred, N. Y. GS. 
Whitney, R. M. Campbell. 

LANE, JOHN D., Professor of English, Clem 
son, S. C. J. H. Sams, J. L. Edwards. 

LAWLOR, JAMES J., Instructor in Machin: 
Design, Stevens Institute of Technology, 
Hoboken, N. J. M. R. Reeks, N. J. Rose. 

Lingo, LoweEtu E., Instructor in Electrical 
Engineering, Syracuse University, Syra- 
cuse, N. Y. D. U. Greenwald, B. H. 
Norem. 

LipPERT, Freperick G., Director of Person- 
nel, American Gas and Elec. Service 
Corp., New York, N. Y. D. 8. Roberts, 
F. D. Leamer. 

LoppELL, Leon W., Instructor in Industrial 
Engineering, N. Y. State Agricultural & 
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NEW MEMBERS 


Technical Institute, Alfred, N. Y. G. 8. 
Whitney, R. M. Campbell. 

toxg, RALPH H., JR., Associate Professor of 
: Mechanical Engineering, University of 
Maryland, College Park, Md. J. E. 
Younger, M. 8. Ojalvo. 

\eGowAN, JOHN P., Engineering Librarian, 

New York University, New York, N. Y. 
F. K. Teichmann, A. H. Church. 

\verxneR, HeNry N., Assistant Director, 
Machine Develop. Section, E. I. duPont 
de Nemours & Co., Ine., Wilmington, Dela. 
T. H. Chilton, R. E, Burton. 

McLuiGAN, JAMES H., JR., Associate Pro- 
fessor of Electrical Engineering, New 
York University, New York, N. Y. H. 
Torgersen, P. Greenstein. 

Pace, GEORGE N., 
Engineering Drawing, 
sity,, Syracuse, N. Y. 
B. H. Norem. 


Assistant Professor of 
Syracuse Univer- 
D. U. Greenwald, 


Panter, HAROLD J., Instructor in Electrical 
Engineering, N. Y. State Agricultural & 
Technical Institute, Alfred, N. Y. 
Whitney, R. M. Campbell. 

Parker, JAY B., Assistant Professor of Civil 
Engineering, Rensselaer Polytechnic Insti- 

H. O. Sharp, R. K. 


G. S. 


tute, Troy, N. Y. 
Palmer. 

PatyopE, WinTON I., Assistant to General 
Manager, Nucleonics Division, General 
Electric Company, Richland, Wash. D. W. 
McLenegan, T. 8. Marshall. 

PatcHEN, LEWIS W., Instructor in Indus- 
trial Engineering, N. Y. State Agricul- 
tural & Technical Institute, Alfred, N. Y. 
G. S. Whitney, R. M. Campbell. 

RenNeR, JOHN H., Instructor in Electrical 
Engineering, N. Y. State Agricultural & 
Technical Institute, Alfred, N. Y. G. S. 
Whitney, R. M. Campbell. 

Rising, Epwarp J., Instructor in Mechani 
cal Engineering, Syracuse University, 
Syracuse, N. Y. D. U. Greenwald, B. H. 
Norem. 

Rirrer, Leo J., Jr., Associate Professor of 
Civil Engineering, University of Florida, 
Gainesville, Fla. T. L. Bransford, W. H. 
Zimpfer. 

RockEy, CHARLES F., Instructor in Elee- 
trical Engineering, Milwaukee School of 


Iol 

Engineering, Milwaukee, Wis. F. J. Van 
Zeeland, F. H. Kaufmann. 

Scott, Marion B., Associate Professor in 
Structural Engineering, Purdue Univer- 
sity, West Lafayette, Indiana. P. E. 
Soneson, J. M. Hayes. 

SHORE, SIDNEY, Assistant Professor of Civil 
Engineering, Princeton University, Prince 
ton, N. J. J. C. Elgin, E. J. Johnson, Jr. 

Sm1TH, STANLEY L., Assistant Professor of 
Mathematies, U. S. Coast Guard Academy, 
New London, Conn. R. J. Perry, E. P. 
Rivard. 

STARTZ, ARTHUR, Instructor in the Humani 
ties (Economies), The Cooper Union, New 
York, N. Y. H. F. Roemmele, W. S. 
Watson. 

SrotL, CHARLES B., Associate Editor, John 
Wiley & Sons, Ine., 440 Fourth Ave., New 
York, N. Y. W. B. Wiley, W. G. Stone. 

STREAT, WiLuIAM A., Jr., Professor of 
Arehitecture, A. & T. College of North 
Carolina, Greensboro, N. C. J. M. Mar- 
teena, L. K. Downing. 

TonG, Kin NEE, Assistant Professor of Me- 
chanical Engineering, Syracuse Univer- 
sity, Syracuse, N. Y. D. U. Greenwald, 
B. H. Norem. 

WAGNER, GLENN B., General Technical Serv- 
ices, General Electrie Company, Schenee 
tady, N. Y. M. M. Boring, C. F. Lee. 

WALSH, GERALD W., JR., Instructor in Engi- 
neering Drawing, Syracuse University, 
Syracuse, N. Y. D. U. Greenwald, B. H. 
Norem. 

WERNER, JULIUS M., Instructor in Mechani- 
eal Engineering, Syracuse University, 
Syracuse, N. Y. D. U. Greenwald, B. H. 
Norem. 

WILLIAMS, EvuGeNr R., Instruetor in Engi- 
neering, Bradford Durfee Technical Insti- 
tute, Fall River, Mass. G. H. MacCullough, 
A. J. Ferretti. 

Winn, WituiaAm C., Instructor in Electrical 
Engineering, Milwaukee School of Engi- 
neering, Milwaukee, Wis. H. D. Wer- 
wath, S. A. Eng. 

ZABORSZKY, JOHN, Professor of Electrical 
Engineering, Missouri School of Mines, 
Rolla, Mo. J. W. Rittenhouse, I. H. 
Lovett. 


133 new members elected this year 





Divisions, 1952-53* 


AERONAUTICAL: K. E. Smith, Chairman, 
University of Detroit; A. J. Fairbanks, 
Vice Chairman; L. Z. Seltzer, Secretary. 

AGRICULTURAL: Orval C, French, Chairman, 
Cornell University; R. H. Driftmier, Vice 
Chairman; F. B. Lanham, Secretary. 

ARCHITECTURAL: P. E. Soneson, Chairman, 
Purdue University; J. E. Varga, Vice 
Chairman. 

CHEMICAL: N. H. Ceaglske, Chairman, Uni- 
versity of Minnesota; R. K. Toner, Vice 
Chairman; R. W. Moulton, Secretary; 
A. H. Cooper, Editor. 

Civil Engineering: F. W. Stubbs, Jr., Chair- 
man, Purdue University; A. J. McNair, 
Vice Chairman; W. J. Eney, Secretary ; 
M. B. Scott, Editor, CE Bulletin; Direc- 
tors: C. L. Barker, J. W. Hubler, R. L. 
Peurifoy. 

COOPERATIVE ENGINEERING EpucaTIon: H. C. 
Messinger, Chairman, Univ. of Cincinnati; 
M. Robinson, Vice Chairman; W. Thomas, 
Secretary. 

EpucaTionaL MerHops: A. P. Colburn, 
Chairman, University of Delaware; R. L. 
Sweigert, Vice Chairman; E. Kraybill, 
Secretary. 

E.LectricaL: H. E. Hartig, Chairman, Univ. 
of Minnesota; L. V. Bewley, Vice Chair- 
man; J. N. Thurston, Secretary. 

ENGINEERING Drawine: J. J. Gerardi, 
Chairman, Univ. of Detroit; R. T. North- 
rup, Vice Chairman; J. G. McGuire, Sec- 
retary; Executive Committee: R. P. 
Hoelscher, C. Springer, Wm. Street, C. E. 
Rowe, H. E. Grant, J. S. Rising; W. J. 
Luzadder, Editor; J. M. Russ, Editor, T- 
Square ; E. M. Griswold, Circulation Man- 
ager. 

ENGLISH: A. M. Fountain, Chairman, North 
Carolina State College; C. R. Davis, Vice 
Chairman; W. M. Keck, Secretary. 

EVENING ENGINEERING EpucaTIon: R. W. 
Van Houten, Chairman, Newark College 
of Engineering; W. D. Mellvaine, Jr., 


General Council 


* Representatives on 
listed on Officer’s Page. 


Vice Chairman; C. 
tary. 

GRADUATE StTupies: N. A. 
Chairman, Cornell Universi! 
Hazen, Vice Chairman; R. G 
retary ; Executive Committee: G. B. Hoaa 
ley, H. E. Wessman, D. F. Peter 
Rushton, E. M. Williams, ©. 0. Harris. 

HUMANISTIC-SociaL Division: D. G. Stil] 
man, Chairman, Clarkson (o 
Olmsted, Vice Chairman. 

INDUSTRIAL ENGINEERINGS W. 
Chairman, Stanford Universit 
Groseclose, Vice Chairman; B. H. Norem. 
Secretary; B. H. Norem, Edit 

MaTHEMATICS: C. V. Newsom, n 
State Education Dept., Albany, N. Y.; 
J. H. Zant, Secretary; J. H. Zant, Editor: 
Executive Committee: H. M 
W. H. Krathwohl, C. R. Wylie. 

MECHANICAL ENGINEERING: FE. L. Midgette, 
Chairman, Brooklyn Polytechnic Institute; 
E. E. Ambrosius, Vice Chairman; I. W 
Smith, Secretary; K. P. Hanson, Editor, } 
Head Power; L. F. Kreisle, Editor, Ma 
chine Design and Manufacturing. 

MecuHanics: D. H. Pletta, Chairman, Vir- 
‘ginia Polytechnic Institute; G. 
Editor; Executive Committee: W. B. 
Stiles, H. R. Lissner, W. M. Lansford, 
R. G. Sturm, A. L. Miller, G. Murphy, 
J. Marin, F. L. Singer, D. H. Pletta. 

MINERAL EDUCATION ENGINEERING: J. R. 
Cudworth, Chairman, University of Ala- 
bama; W. J. Rundle, Vice Chairman; Wm. 
Chedsey, Secretary. 

Puysics: G. P. Brewington, Chairman, 
Lawrence Institute of Technology; R. 
Seeger, Vice Chairman; George Burnham, 
Secretary. 

RELATIONS WITH INDUSTRY: G. D. Lobingier, 
Chairman, Westinghouse Electrica! Corp., 
East Pittsburgh, Penna.; J. A. (iammell, 
Vice Chairman; G. K. Dreher, Secretary. 

TECHNICAL InsTITUTE: L. F. Smith, Chair 
man, Rochester Institute of Technology; 
L. Rouillion, Vice Chairman; K. Wer 
wath, Secretary. 


Murphy, 
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Sections, 


\LLEGHEN Y : a A 
A. L. Reed, Seere tary. 


¥952~§3" 


Short, Vice Chairman ; 


(iInols-INDIANA: R. G. Owens, Vice Chair- 


nan; O. M. Knudsen, Secretary; Execu- 
tive Committee: I. P. Hooper, L. D. 
Groves, G. V. Muller, D. H. Dahlstrom, 
F. I. Fiesenheiser, M. S. Peters. 

B, .O. Vice 


KaNsaS-NEBRASKA: Hanson, 


A. R. LeGault, Secretary. 

L. Sehwartz, Vice Chairman ; 
Executive 
Brewing- 


Chairman ; 
MicHiGAN: F. 
C. Sigerfoos, Secretary; 

Commit L. R. Baker, G. 

ton, A. L. Hellwarth. 

Mopte ATLANTIC: A. W. Luce, Vice Chair- 
man; H. 8. Bueche, Secretary. 
Missouri: F. H. Conrad, 

R. C. Johnson, Secretary. 
NaTIONAL CAPITAL AREA: 


} P 


ee: 


Vice Chairman ; 


C. H. Walther, 


*Chairmen listed on Section Meetings 
Page, Council Representatives listed on Ofii- 
er’s Page. 
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Vice Chairman; 1. Sec 
retary. 

NEW ENGLAND: E. F. Littleton, Secretary. 

NortH Mipwest: A. B. Drought, Vice 
Chairman; Wm. C. Alsmeyer, Secretary ; 
Executive Committee: E. P. Wiedenhoefer, 
A. B. Cambel, C. O. Anderson, W. H. 
Camble, M. H. Chedrick, O. W. Potter, 
T. J. Higgins. 

OnI0: E. O. Seott & N. D. Thomas, Vice 
Chairmen; K. F. Sibila, Secretary. 

PaciFiIc NorTHWEsT: R. K. Reynolds, Vie+ 
Chairmen; L. D. Luck, Secretary. 

PaciFic SouTHwest: C. E. Knott, Vice 
Chairman; J. B. Franzini, Secretary. 
Rocky Mountain: A. Diefendorf, Vice 

Chairman; K. H. Stahl, Secretary. 
SOUTHEASTERN: J. R. Cudworth, Vice Chair- 
man; B. M. Bayer, Secretary. 
SOUTHWESTERN: J. J. Heimerich, Vice 
Chairman; T. T. Castonguay, Secretary. 
Upper New York: B. H. Norem, Vice 
Chairman; A. D. Taylor, Secretary. 


C. Jackson, Jr., 
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Minutes of Executive Board Meeting 


A meeting of the Executive Board of 
the American Society for Engineering 
Education was held on Thursday, Sep- 
tember 4, 1952, at the Drake Hotel, Chi- 
cago, Illinois. Those present were: W. R. 
Woolrich, President ; M. M. Boring, J. H. 
Lampe, E. A. Walker, W. C. White, Vice 
Presidents; C. L. Skelley, Treasurer; A. 
B. Bronwell, Secretary; C. E. Watson, 
Assistant Secretary; M. C. Merrill, Office 
Seertary. 


Report of Secretary 
a) Committee appointments 


A list of new committee members was 
presented. Nominees for committee ap- 
pointments had previously been obtained 
from Committee Chairmen. Members of 
the Exeeutive Board were asked to review 
the list and submit recommendations for 
additions. 


b) Membership activities 


The membership drive this year will be 
organized largely by Institutions with a 
chairman in each engineering college. Em- 
phasis will be placed upon expanding the 
membership among the younger faculty 
members in engineering colleges. The 
Division of Relations with Industry will 
be approached to suggest prospective 
members from industry. 


c) Advertising in Journal 


The Assistant Secretary has started a 
promotional campaign to increase adver- 
tising in the JouRNAL OF ENGINERRING 
EpucaTION, in order to obtain additional 
revenue for Society operations. Several 
hundred letters have been mailed to pro- 
spective advertisers and key individuals in 
various companies are being contacted. 

A discussion of the advertising rates 
indicated that they are low in comparison 
with similar journals. It seemed inad- 
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visable to increase advertising 

this time, because the present 

been announced in the promoti 

The Executive Board voted = 
the JouRNAL advertising rates as of Jany. 
ary 1, 1954, the new rates to be recom. 
mended to the Board by a com: 
sisting of C. L. Skelly (Chain 
Boring, and C. E. Watson. 


11Lee@ on. 


MM 


Report of Treasurer 
Annual Audit 


Treasurer Skelley reported to the Ex. 
ecutive Board on the Annual Audit and 
specifically the Comparative Statement of 
Income and Expense for the twelve mont 
ending June 30, 1951, and the 
months ending June 30, 1952. 
ecutive Board also reviewed the 
for 1952-53. 


Air Force ROTC Program 


Dean Lampe reported on the special 
executive committee meeting of the ECA 
on September 4th with officers of the 
Air Force ROTC program, including Gen- 
eral Deichelmann, who is in charge of 
this program. The Air Force ROTC 
curriculum will be altered by the introdu- 
tion of a general curriculum for all col- 
lege students. This curriculum will not 
contain specialties, such as those given in 
previous Air Foree ROTC programs. He 
stated that considerable attention was 
given at this meeting to the problem of 
the proper assignment by the ROTC oi 
graduates who have received their train- 
ing in engineering. 


rn 


Recommendations of Coordinating Com- 
mittee on Relations With the Federil 
Government 
The Executive Board discussed the ree- 

ommendation of the Coordinating Com- 

mittee on Relations With the Government 
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io the effect that inereased attention be 
given to the adequate placement of engi- 
neering graduates who are completing 


M 
‘heir military service. Vice President 


Boring stated that in many detachment 
enters, no organized procedure has been 
developed for the placement of such 
craduates and many of them are either 


accepting sub-professional work or are 
returning to military service or non 
technical jobs because of inability to get 
adequate placement. Mr. Boring pointed 
out that the interviewing procedures set 
up at most of the detachment centers are 
entirely inadequate and sometimes un- 
ethical. He stated that the company rep- 
resentatives in their interviewing are com- 
pelled to use seriously crowded quarters 
and to abide by an interviewing schedule 
which is hopeless from the standpoint of 
vetting effective results. 

Tt was recommended that engineering 
deans call attention of the graduating 
seniors to both the placement service in 
the college and the Engineering Societies 
Placement Service, and urge those who 
go into the military services to contact 
placement services before military 
detachment. President Woolrich will call 
this to the attention of the Society by 
means of a Presidential News Letter. 


1 
these 


Future Annual Meetings 


Secretary Bronwell stated that Cornell 
University had formally withdrawn its 
invitation to the Society for the 1955 
Annual Meeting, in order to make it pos- 
sible to hold this meeting at Pennsylvania 
State College, since this would coincide 
with the Centennial year at Pennsylvania 
State. The Executive Board voted to hold 
the 1955 Annual Meeting at Pennsylvania 
State College. 


Plans for Annual Meeting at the Univer- 
sity of Florida 


It was recommended that there be three 
general sessions on Tuesday, Wednesday 
and Thursday mornings, as in the past, 
with one of these a general session of the 
Society and the other two sponsored by 
ECRC and ECAC. It was recommended 


105 


that the general sessions start at 9:30 
A.M., rather than 9:00 A.M. and that the 
program should be of more limited dura- 
tion than last year. Secretary Bronwell 
stated that a new committee consisting 
of Drs. J. R. Killian, H..T. Heald, and 
A. §. Adams had been appointed to make 
recommendations for program material 
for the A.S.E.E. general and 
banquet. 

There was a diseussion as to whether 
or not attempt should be made to imple- 
ment the recommendations of the Barlow 
Committee Report in the Annual Meeting 
for 1953. It was decided to await ree- 
ommendations of the Committee on So- 
ciety Functions before proceeding in this 
matter. President Woolrich 
that the University of Florida consider 
plans for commemorating the 60th Anni- 
versary of the A.S.E.E. 

The Executive Board expressed the 
opinion that most Divisions and Commit- 
tees have a tendency to schedule too many 
conferences, resulting in numerous con- 
flicts. Also, it was pointed out that sev- 
eral Divisions have tried a workshop type 
of program in whieh all participants 
diseuss a planned program, but in which 
there are no scheduled speakers. These 
workshop programs have proven highly 
successful, since they increase the audience 
participation and often bring forth a more 
interesting treatment of the subject ma- 
terial than those containing prepared 
papers. It was suggested that the Di- 
visions consider allotting more time for 
diseussions of this character on some of 
their important problems. 


session 


suggested 


Improvement of Journal of Engineering 
Education 


Assistant Secretary Watson reported 
on the status of the JourNEL or ENGI- 
NEERING EpucaTion and presented sug- 
gestions which were being considered for 
improvement. It has been suggested that 
a few more articles of broad general in- 
terest to the Society membership at large, 
perhaps not dealing specifically with en 
gineering education, but with subjects 
which are of vital interest to engineering 
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educators would improve the interest value 
of the Journat. 


Institutional Membership 


Upon application from Bradley Uni- 
versity, the Executive Board voted to 
change the status of this University from 
Affiliate member to Active member. 

Secretary Brownell stated that Mr. 
McKeon is developing material for pub- 
licizing the Associate Institutional Mem 
bership possibilities among industries of 
the country. 


Other Items of Business 


In addition to the foregoing items, the 
Executive Board considered the following 
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items, the recommendations ot 
summarized in the General Co; 
utes of September 4, 1952. 
a. Reports of Vice Presiden 
b. Committee on Recognitio: 
eentives for Good Teaching: 
+. Committee on Promotion 
in Engineering Colleges; 
. Teaching position advertis: 
the Journal; 
. Paper contest for young eng 
teachers. 
Respectfully submitted, 
Artuur B. Bronw 


Ny 





Reserve this date . 


June 22-26, 1953 








ANNUAL MEETING 


UNIVERSITY OF FLORIDA 
GAINESVILLE, FLORIDA 











Minutes of General Council Meeting 


4 meeting of the General Council of 
the American Society for Engineering 
Edueation was held Thursday, September 
1 1952, at the Drake Hotel, Chicago, 
Illinois. Those present were: W. R. 
Woolrich, President ; M. M. Boring, J. H. 
Lampe, E. A. Walker, W. C. White, Vice 
Presidents; C. L. Skelley, Treasurer; A. 
B. Bronwell, Secretary; C. E. Watson, 
{sistant Secretary; M. Merrill, Office 
Secretary; W. Allan, H. H. Armsby, R. 
M. Boarts, C. A. Brown, F. M. Dawson, 
kK. B. MeEachron, Jr.. W. L. Everitt, 
C. J. Freund, W. P. Godfrey, L. E. 
Grinter, C. O. Harris, H. E. Hartig (sub- 
situting for T. H. Morgan), D. C. Hunt, 
E. Hutchisson, H. Keunzel, E. F. Obert, 
R. S. Paffenbarger, Thorndike Saville, E. 
Weber, K. F. Wendt, K. O. Werwath, 
(. L. Wilson, S. E. Winston. 


Report of Secretary 


The Secretary presented lists of new 
committee appointments and requested 
that additional suggestions from members 
of the Couneil be sent to either President 
Woolrich or the Secretary. 

Professor Watson, the Assistant See- 
retary, briefly reviewed the advertising 
situation and stated that although the 
advertising rates in the Journal are con- 
siderable lower than similar publications, 
the Executive Board had decided not to 
raise the rates until January, 1954, since 
a campaign has been started to increase 
the volume of advertising in the JouRNAL. 


Report of Treasurer 


The Treasurer presented the final Audit 
for 1951-52 and discussed the Compara- 
tive Statement of Income and Expense. 
The Audit showed an excess of income 
over expense of $4,268.48 after having 
transferred $6,004.69 to the ECRC re- 
serve. The latter transfer was voted by 


the Executive Board in June in order to 
establish a reserve fund which would even 
out the fluctuations in expense of the 
ECRC from year to year, owing to its 
eyclie publication schedule. The Secre- 
tary explained the 1952-53 budget. The 
income anticipates increases in revenue 
from inereased membership, expansion of 
advertising in the JouRNAL, and expan- 
sion of the Associate Institutional Mem- 
berships in the Society. The budgeted 
expense makes provision for more time 
on the part of the Secretary and As- 
sistant Secretary for A.S.E.E. business 
and also provides for salary increases of 
the office staff which were voted by the 
Executive Board on June 23. The expan- 
sion of Secretarial staff time will faeili- 
tate carrying on a campaign for increased 
advertising in the JourNAL and provide 
for a general expansion of Society ac- 
tivities and better coordination of ac- 
tivities with other societies. 


Report of Vice Presidents 


Dean Walker reported on the ECRC 
activities, stating that a new secretary, 
Professor Virgil Neilly, of Pennsylvania 
State College, had been engaged. He 
commended highly the work of the pre- 
vious secretary, John Mattill. The ECRC 
Committees have been appointed and the 
planning for the year’s activities is now 
under way. The ECRC aranged for a 
program “The Engineer is a Scientist” 
for the Centennial Symposium in Chi- 
cago. The Committee on Contractural 
Relations With the Government is pre- 
paring a handbook dealing with relations 
with Government agencies in contractural 
research relationships. The ECRC also 
contemplates publication of a Review of 
Current Research during the coming year. 

Vice President Boring announced the 
rules of the paper contest for young en- 
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gineering teachers. He will write See- 
tion officers, outlining the plan and urging 
them to give this matter widespread pub- 
licity. 

Dean White stated that he is writing 
to chairmen of Divisions and Committees, 
recommending that they get started im- 
mediately in planning their Annual Meet- 
ing programs and also suggesting certain 
considerations, such as fewer conferences, 
more discussion time at the conferences, 
and better planned programs. He will 
also bring to their attention the need 
for. advanced planning on any ASEE 
sponsored summer schools which the Di- 
visions might propose. 

Vice President Lampe reported that 
the Engineering Manpower Committee of 
the Society is under the chairmanship of 
Donald Bridgman, who will also be a 
member of the Engineering Manpower 
Commission. It was hoped that this 
arrangement would provide a_ closer 
liaison in manpower problems than has 
existed in the past. He also reported that 
the ASEE’s program of Cooperation Be- 
tween Engineering Colleges and Second- 
ary Schools, which was started last year, 
is under the chairmanship of Dean Pierce 
of the University of Illinois. The Com- 
mittee on International Relations will be 
headed by Dean Steinberg and the Com- 
mittee on Selection and Guidance by Dean 
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trend among teachers in engi: 
leges to place great emphasis 
search accomplishments, cons 
contributions to technical 
While these objectives are h 
mendable, they often result in 
deterioration in the quality of 
since a number of teachers ar 
to devote a disproportionate! 
amount of their time to these 
activities. He recommended t} 
eration be given by the ASEE t. 
pointment of a committee to stud: 
of providing recognition and in 
for commendable teaching, in 
encourage faculty members to give ¢ 
consideration to this primary 
In the discussion of this prob 
pointed out that the situatior 
which is generally recognized }y 


members and administrators alike, bu 


serious attempt has been made t 
ate the problem or to recomny 
ministrative practices for alleviatin 
diffieulty. 


the Society. 
Committee on Promotion of 
Engineering Colleges 
The decline of ethical standards 
gineering practice is a subject 
importanee which has been call: 


The Executive Board voted 
authorize appointment of such a commit 
tee, to report to the General Council of 


attention of educators and the Society o 
innumerable occasions. The teaching of 
ethical precepts of the engineering pr 
fession is given very little attention 1 
most engineering colleges. A number oi 
professional engineers have expressed 1! 
opinion that engineering colleges a: 

in their recognition of responsibilit 
this regard. It was suggested that the 
teaching of ethies should be woven into 
all of the engineering courses, rather tha 
set aside as separate instruction. The 
General Council recommended that 
committee on Promotion of Ethics in E: 
gineering Colleges be appointed, with tl: 
request that it prepare a report recon 
mending various types of programs whit! 
the colleges could consider. 


N. W. Dougherty. 


Committee on Recognition and Incentives 
for Good Teaching 


President Woolrich stated that the Com- 
mittee on Improvement of Teaching of 
the ASEE had just completed a highly 
commendable report on this subject, 
copies of which would be made available 
at eost in any quantity desired to engi- 
neering colleges for distribution among 
their faculty members. However, he 
stated that there is another phase of this 
problem which was not within the scope 
of the committee’s study, but which is 
highly important from the standpoint of 
improving the quality of education in 
engineering colleges. There is a growing 
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Paper Contest for Younger Faculty Mem- 
hers 

A suggested set of rules for conduct of 
the paper contest for young engineering 
faculty members was considered by the 
Executive Board and General Council 
and adopted. The purpose of the paper 
contest is to stimulate original thinking 
on the part of younger faculty members 
in engineering colleges and encourage 
their active participation in Society prob- 
lems. Previously, the General Council 
had voted to authorize two prizes of $200 
and $100 for the two prize winning 
papers. Each Section of the ASEE would 
announce the competition among the 
younger faculty members within its juris- 
diction in order to encourage participa- 
tion and would establish a procedure for 
judging the papers and submitting the 
winning entries to ASEE Headquarters. 
The awards will be presented at the An- 
nual Banquet, along with the Lamme 
Award and the George Westinghouse 
Award. The rules for the paper contest 
are as follows: 


a. Open to all members of ASEE un- 
der 36 years of age. 

. Subject of paper contest will be 
announced by the President of the 
ASEE. 

:. Papers should not exceed 3,000 words 
in length. 

. All entrees should be submitted to 
the officers of the ASEE Section in 
which the participant resides. 

. Each Seetion of the ASEE will ap- 
point its own judging committee, 
formulate its own rules, and select 
one winning paper for submission 
to ASEE Headquarters. 

t. A national judging committee will 
select the winning papers. 

. The awards will be $200 for first 
place and $100 for second place, 
with appropriate certificates. 


Conference of ECAC on ROTC Plans 


Dean Allan, reporting for the Military 
Affairs Committee of the ECAC, stated 


that considerable attention had been 
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given by his committee to the problem of 
the disposition of ROTC graduates by 
the Army and Air Force after gradua- 
tion. According to present practice, a 
graduate whose primary field of classifi 
cation is filled is permitted to accept 
civilian employment until his primary 
field is open. There is considerable ques- 
tion among engineering educators as to 
whether this desirable condition will pre- 
vail of the ROTC programs are altered 
and the technical training courses are re- 
placed by general courses. The following 
resolution was presented by Deans Sa- 
ville, Grinter and Lampe: 


“That the Council of ASEE believes 
that the acceptance of the proposed gen- 
eral programs of Army-ROTC and of 
Air Foree-ROTC with the abandonment 
of the long-established 
branches such as Signal Corps, Engineer- 
ing Corps, Ordnance, Chemical Warfare 
and corresponding specialties in the Air 
Force will reduce the number of engi- 
neering trained Cadet Officers so badly 
needed by the military services and will 
also inerease the deficit of engineers re- 
quired for the industrial effort associated 
with national defense production due to 
the diversion of ROTC 
graduates to military services where their 
engineering capabilities are not fully 
utilized. 

“The Council of ASEE therefore ree- 
ommends to the administrators of insti- 
tutions teaching engineering that accept- 
ance of any changes involving possible 
abandonment of the existing professional 
Army-ROTC and Air _ Force-ROTC 
branches be deferred pending immediate 
conferences of the officers of the Society 
with the proper representatives of the 
Military Services and subsequent report 
to the Institutions involved.” 


professional 


engineering 


The Counicl approved this resolution 
with the request that it be sent to Presi- 
dents of Colleges, with copies to the En- 
gineering Deans and also to the proper 
officials in charge of Army and Air Force 
ROTC programs. 
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Teaching Position Advertisements tn 
Journal of Engineering Education 


A questionnaire sent to members of the 
General Council and deans of engineering 
colleges inquired as to their reeommenda- 
tions regarding the possibility of includ- 
ing in the JouRNAL OF ENGINEERING 
EpUCATION advertisements of teaching po- 
sitions. This yielded the following results: 
71 persons favored inclusion of such ad- 
vertisements, 11 opposed; 60 persons 
favored including advertisements of indi- 
viduals seeking positions, and 44 opposed ; 
25 persons favored including salaries, 52 
opposed. It was pointed out that listing 
teaching positions in the Journal might 
bring into the teaching profession some 
capable persons from industry, thus re- 
versing the flow of teachers into industry 
which is now taking place. 

The General Council voted that adver- 
tisements of teaching positions be in- 
cluded in the Journat for a trial period 
of one year; that no advertisements of 
individuals seeking positions be included; 
that no salaries be included in such ad- 
vertisements; and that this opportunity 
be extended only to schools which are 
either Active or Affiliate Institutional 
members of the A.S.E.E. 


Plans for Annual Meeting at the Un- 
versity of Florida 

The Executive Board recommendation 
that the general sessions of the Society 
be devoted to subjects of widespread, 
vital interest to the Society membership 
and include nationality ETAOINETA 
and include nationally prominent speak- 
ers was presented. It was suggested that 
committee reports might be referred to 
other portions of the Annual Meeting 
program. 

The possibility of devoting a General 
Session of the Society to a discussion of 
Society business and a presentation of 
reports on important developments was 
diseussed. No action was taken, although 
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it was recognized that such 
session, if included, should ly 
planned in advance. 


Free Distribution of Journals t 
Countries 


A suggestion that copies of 
NAL OF ENGINEERING Epvucatio? 
to libraries of European count 
order to gain more widesprea 
nition of the Society in foreign cow 
was discussed. It was suggested that 
copies be sent to Great Britain, 1 ; 
Holland, 1 each to the Scandinavia 
countries, and 8 or 10 copies to F 
It was also suggested that a letter explain. 
ing the distribution be sent to eac} 
cipient institution. 

The General Council voted to | 
50 free copies monthly for a tria 
of one year to foreign countries. 


A.S.E.E. Emblem 


Dean Freund presented three designs 
for the A.S.E.E. emblem, suggested by 
Profesor Blakesly of the University of De- 
troit’s Architectural Department. These 
were slight modifications of a previous 
design tentatively adopted by the Coun 
cil. The Council voted to adopt one of 
the designs submitted. 


Life Membership 


The General Council voted to grant the 
following persons life membership in the 
Society : 


. G. M. Butler 

. T. E. Butterfield 
3. W. L. DeBaufre 

. E. P. Lambe 

. W. H. Martin 

. H. H. Metzenheim 
. C. J. Starr 

3. J. S. Thompson 
9. C. W. Tudbury 


Respectfully submitted, 
ArtHour B. BronweELt, 
Secretary 








the 
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Report of Committee on Salaries, 
Southeastern Section* 


Preface 


This project is the result of feeling on 
the part of some of the members of the 
Southeastern Seetion that a current sur- 
yey of salary information in engineering 
schools is desirable and necessary at this 
time. The last available and reliable in- 
formation with regard to teachers’ salaries 
in engineering schools for this region is to 
be found in the report of the Committee 
on Faculty Salaries of the Engineering 
College Administrative Council of the 
American Society for Engineering Eduea- 
tion which was released in June 1949 and 
covered in general the academic year of 
148 through 1949. Without question, a 
great deal has happened which has had a 
tremendous impact upon engineering edu- 
cation since that date. The committee 
hopes that the facts and indications found 
herein will be of value to the administra- 
tions. It also hopes that the trends found 
in this study will be useful to stimulate 
a development which is long overdue in 
the engineering profession. The engineer 
who feels an obligation to his profession 
and assists in the training of future engi- 
neers has been foreed for much too long 
a time to sacrifice the comfort and some- 
times even the health of himself and his 
‘amily in order to accomplish his purpose. 

The committee is convinced that there 
s little incentive today capable of attract- 
ng excellent young men to the teaching 
profession if they aspire to the responsi- 
bilities of the upper academic ranks. The 
committee also feels that there is solid evi- 
dence in the report of a very dangerous 
trend which the popular writers might call 
“creeping socialism.” 

“Southeastern Section, Reported at the 
Clemson Meeting, April 12, 1952. 
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The most socialistic aspect of the gen- 
eral situation is the tendency to diminish 
continually the range of compensation be- 
tween the lower and the higher grades 
in the teaching profession. In some in- 
stanees, it has already resulted in com- 
petent, forceful, and ambitious young en- 
gineering teachers leaving the profession 
because they cannot conceive of their con- 
tinuance therein holding any real promise. 
The decentive characteristic of all but a 
few of the rate structures surveyed in this 
report is almost appalling. The commit- 
tee calls attention to this problem with 
real and sincere hope that the trend ean be 
and will be reversed. It feels that it is 
second only in seriousness to the general 
situation of the appalling low, non-com- 
petitive rate structures available to attract 
competent, sincere and forceful young men 
into engineering teaching. Recently an 
ex-governor and prominent president of 
one of our southern universities made a 
very astute observation when he said that 
if the situation with regard to faculty 
salaries continues much longer, only the 
aged, the incompetent and the loyal will 
remain to teach the coming generations. 
Such a condition ean lead only to a de- 
cline in the standards and excellence of the 
engineering staffs, which in turn will in- 
evitably lead to a decline in the standards 
and excellence of engineering instruction, 
and thus in a short time to a decline in the 
competence and ethics of the engineering 
graduates and the professional engineers 
of the future. This our nation cannot af- 
ford nor endure. 


Introduction 


The committee sent out survey forms to 
accumulate data with regard to the salary 
ranges, the number of staff members, sum- 
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mer session salaries, and gains and losses 
of staff members for the academie years 
1950-51 and 1951-52 to all twenty-four 
of the engineering schools in the south- 
eastern region. The twenty-one schools 
which responded are listed below: 


Alabama Polytechnic Institute 
University of Alabama 
University of Florida 
University of Kentucky 
Louisiana Polytechnic Institute 
Southwestern Louisiana Institute 
Louisiana State University 
University of Mississippi 
Duke University 
North Carolina State College 
University of Louisville 
Clemson College 
The Citadel 
Tennessee Polytechnic Institute 
University of South Carolina 
University of Tennessee 
Vanderbilt University 
Virginia Military Institute 
Virginia Polytechnic Institute 
University of Virginia 
University of Miami 

Since the committee felt that this survey 
had three analytical objectives; ie., the 


analysis of rate structures, the : 

summer school salaries, and the a; 

quits and layoffs; the data as re: 
accumulated into tables to ret 

facts. These tables were set up ; 

a comparison between data pertain): 
the academie year 1950-51 and ; p 
demic year 1951-52. Because of some o: 
the inherent deficiences in the data, jt y 
impossible to set up the data in the sa 
manner as the 1949 ASEE repo: 
teachers’ salaries. The 1949 report 
able to report medians because indi idus 
data with regard to salaries and othe 
forms of compensation was obtainah) 
Neither time nor funds were available to 
obtain such detailed data for this current 
regional survey. The committee felt that 
the presentation of weighted averages and 
simple arithmetic averages, though lead 
ing to some error, would be sufliciently 
useful for comparisons. 


Rate Structure 


A condensation of the detailed data r 
ceived in this survey is presented in Tabk 
A and B and Charts A and B. An at- 
tempt was made to indicate the relativ 
pay status by the usual grades. 


TABLE A 
Rate SrrucruRE—ACADEMIC YEAR (10 Montus) 








Minimums of Ranges Maximums of Rang 


Average 
Salary 








Grade 
Min. 


Max. Paid Min. 





$ 
Instructor 1950-51 | 2300 
1951-52 | 2500 


Asst. Prof. 1950-51 | 2960 
1951-52 | 3289 


Assoc. Prof. 1950-51 | 3280 
1951-52 | 3440 


Professor 1950-51 | 3920 
1951-52 | 4264 


Dept. Head! 1950-51 | 3800 
1951-52 | 4770 














$ $ $ Te 
3120 3151 3020 3441 | 4000 
3500 3427 3120 3336 1180 


4000 3784 3040 4014 1800 
4200 4094 3600 4290 5000 


4800 4573 3680 4801 6000 
5000 4749 3760 5062 6000 


6000 5647 4320 5606 7500 
6000 5980 4784 6180 8348 





5670 | 4270 | 6047 | 7500 
5715 | 5050 | 6346 | 7932 
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TABLE B 








Maximums of Ranges 
| Average 





Min. | Ave. 


3 
3317 
3746 


$ 
3000 
3444 


1950-51 | 
1951-52 


Instructor 


1950-51 
1951-52 


3700 
3850 


3969 
4271 


\sst. Prof. 


1950-51 
1951-52 


4100 
4300 


issoc. Prof. 4414 


1950-51 
1951-52 


4900 
5200 


Professor 


1950-51 
1051-52 


4600 
4700 


5829 


6301 


Dept. Head! 


1950-51 
1951-52 


7238 
7270 


6677 


7039 


Dean* 














aay - " — 
Paid Min. Ave | Max 
3 $ 3 
3739 3688 4500 
4148 4104 5300 


Max. | 

3 
3800 
3888 
4320 
4900 


4614 
5055 


3800 
4500 


5700 
5600 


4800 
4800 


4600 
4700 


6600 
6800 


5916 
6300 


6183 
6592 


5400 
5600 


8100 
9000 


8000 
8372 


5400 
5600 


6839 
6991 


9500 
9872 


7536 


7500 


7801 
8266 


5800 
6000 


11,500 
11,896 

















nificant. 


The 1949 ASEE survey presented all 
f the data on an academic year payment 
basis. This common denominator was not 
selected for the current survey. It was 
the feeling of the committee that there is 
significance in the number of schools which 
employ and pay their staff on a 12 months 
For this reason this data was ac- 
cumulated and is presented in detail with- 
out change in the basis of payment. 

An attempt was made in Tables A and 
B to analyze the rate range by grade and 
average salaries by grade. An attempt 
was also made to compare the minima and 
maxima to a seale recommended by the 
National Society of Professional Kngi- 
ueers and the American Society of Civil 
Engineers in 1946-47 for the payment of 
engineering teachers’ salaries. This in- 
formation is presented graphically in 
Charts A and B. 

Charts A and B provide a shameful 
comparison to attainment of a recommen- 
dation made five years ago. They also re- 


hac} 
Jasis. 


1 Include some at associate professor rank, but most at professor rank. 
. . . ’ . 
?Range data (minimums and maximums) not fully reported, therefore may, not be sig- 


Average salary paid based upon complete data. 


veal the extremely unfortunate decentive 
situation which exists in the rate structure 
of the colleges of this region. With so 
little to look forward to, it is difficult to 
understand why or how the administra- 
tions of the colleges herein represented 
ean expect to obtain the type of young en- 
gineer that the profession demands for its 
engineering staff members. Without com- 
parison to the salaries obtainable in in- 
dustrial situations, but merely by the anal- 
ysis of what the future holds in terms of 
engineering education, these charts pre- 
sent little in the way of an incentive. 
More important, they reveal what must be 
a firm belief in the minds of the admin- 
istrative personnel who are responsible for 
the establishment of rate structure that ex- 
perience means little in engineering educa- 
tion. If this were not so, why else would 
the relationship between the lower ranks 
and the higher ranks be so close and offer 
so little incentive for the assumption of 
the obligations which are inherent in the 
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Average Maximum 
4 Average Salary 


J 
Ly 


Individual Maximum 
Average Minimum 
--4Individual Minimum 
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higher ranks? These charts and tables 
also reveal a very definite tendency, which 
the committee feels to be a dangerous one, 
to inerease the rate structures in the lower 
scale without corresponding increases in 
the upper parts of the seale. This is ruin- 
ing an already tragically poor rate strue- 
ture. 


Summer Sessions 

Generally the engineering teacher must 
support his family on his academic year 
salary for a full fifty-two week year. 
Only a small percentage of those employed 
in teaching are able to increase their net in- 
come. Summer school teaching is not avail- 
able for all, nor is the time during the sum- 
mer session of sufficient duration to make 
for profitable employment in industrial 
situations. In many instances, summer 
positions require living away from home, 
and this added expense greatly decreases 
the net gain resulting from such employ- 
ment. The older, more experienced fac- 
ulty member with industrial contacts, pres- 
tige and standing is sometimes able to in- 
crease his annual income to an appreciable 
extent through consulting or other indus- 
trial employment during the summer. The 
men of lesser experience, however, do not 
have this opportunity. In addition to this, 
it must be recognized that seniority and 
rank in general have an important effect 
upon determination of who is employed 
for teaching in the summer sessions. 

Analysis of the data was made with 
reference to pay during the regular term 
and for the summer session. The data 
showed wide variations and indicated that : 


(a) The length of summer term varied 
from 6 to 12 weeks 

(b) The weekly summer school pay 
varied from 60% to 115% of 
weekly academic year pay based 
upon a 36 week schedule. 


In order to obtain the weekly pay for 
those on a 12 month basis, the average 
salary was divided by 46. The committee 
recognizes that there is no magic in the 
number 46; however, it is admitted and 
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seems to be the most common }) 
about six weeks of vacation ar 
those members of the staff w! 
ployed for the full 12 months ba 
a 46 week base year may seem { 
within it an exceedingly long vai 
riod or an excessive amount of free ti 
comparison to industrial situat 
thought should be given to this before sy 
comparisons are made. The usual in 
trial concern allows a minimum 
weeks of vacation per year for al! 
employees and it is becoming eve: 
common practice to allow an 
week or two for more than ten t. 
five years of service. Furthern 
usual industrial practice requir 
day work week and allows six 
holidays per year. A comparisor 
time is tabulated below: 
ComPaARISON OF “FREE Ti! 
Industry 
14 days 
50 days 
50 days 


7 days 


121 days 


Vacation 
Saturdays 
Sundays 
Holidays 


This table indicates that engine 
dustry have about one week’s more t1 
time. The committee believes that 
analysis is a realistic one. 

The academic year salary was reduced 
to a weekly salary by dividing by 3 
weeks. It is recognized that a 36 week 
year is not exactly realistic, as those serv- 
ing on an academic year basis do have ad 
ditional weeks of required work and 
put in more time than this during th 
school year. The 36 week period was 
adopted, however, as representing tw 
usual 18 week semesters or three 12 week 
quarters and thus representing the actua 
teaching time. This made it possible ther 
to divide the summer salary by the num 
ber of the weeks of summer session an 
arrive at a comparable salary figure. I! 
recognized that the summer session Ww! 
require some additional time above and 
beyond the actual weeks of teaching called 
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or during the period, so that the compari- 
on is not too unrealistic when compared 
.) the full forty-six week year, or the 
gademic year of 36 weeks. 

Although considerable discussion has al- 
wady been presented with regard to the 
‘eatment of this data, it is believed that 
ome comment is necessary with regard to 
the extreme lack of uniformity of pay- 
ment. It seems that college administrators 
in reviewing this material might do well 
‘9 give some thought to some uniformity 
of payment to their staffs for their serv- 
ies, Attention is called to the numerous 
instances Wherein the difference in pay- 
nent for the service during the academic 
vear varies to a great extent, both higher 
and lower, from the payment for the sum- 
mer session. 


Analysis of Distribution by 
Academic Rank 


The committee felt that it would be in- 
teresting to analyze changes in the distri- 
bution of staff members within the region 
by academie rank for the two years under 
survey, and to make a comparison with the 
distribution of staff members found in the 
ASEE report of 1948-49. Because there 
was no significance in the distribution of 
deans, this data was omitted. This analy- 
sis is presented in Chart C, Distribution 
ff Staff by Academic Rank. A careful 
analysis reveals two apparent tendencies. 
1) Because of declining enrollment, there 
was a decrease in staff from 1950-51 to 
1951-52. It is apparent that most of the 
change or reduction took place in the two 
lowest ranks. (2) It is also apparent by 
inspection that there was an inerease in 
promotions to the higher ranks, particu- 
larly to the associate professorship rank 
over the two year period. It is thought 
that these two occurrences may bear some 
relation to a single cause. 

The abnormal demand for engineers and 
engineering brainpower definitely led to a 
movement on the part of many of the 
younger staff members to go into indus- 
trial practice and receive an income which 
would allow them to supply their families 


with more of the needs and perhaps even 
a few of the luxuries of our civilization 
for which they were making contributions 
through their professional skill. It is be- 
lieved with some reason that many of the 
schools resisted the loss of these men by 
promotions at a time in advance of that 
which would normally be expected. This 
has resulted in an increase in the number 
of associate professors in the 1951-52 year 
over the 1950-51 year, even though there 
was a reduction of 181 staff members in 
the region. 

An interesting comparison can be drawn 
to the distribution in this region, both in 
1948-49 and in the past two years, to the 
overall distribution by rank throughout 
the entire coverage of the 1949 survey. 
The southeastern region, even in 1948 and 
1949, showed a tremendously heavier con- 
centration of staff members in the lower 
ranks than in the nation as a whole. The 
recent reduction in the lower ranks tends 
to put this region more nearly in line with 
what would appear to be the usual distri- 
bution of staff by rank throughout the 
country. 


Staff Turnover 


An analysis was made of quits and lay- 
offs in the various schools in the region 
which submitted data. As this data was 
arccumulated, deans and assistant instrue- 
tors were excluded from the analysis be 
cause of lack of significance in the data 


available. This data was accumulated by 
colleges, and reveals that there was an im- 
portant increase in quits from the year 
1950-51 to 1951-52. The quit rate in- 
creased from 8.0 to 13.0. Some schools 
had no separations whereas others suffered 
a 29.3% loss. Some correlation between 
the wage scale of the colleges and their 
quit ratio was evident. The eighty quits 
over the two year period averaged $1,- 
696.70 estimated increase per year. This 
covers all ranks and quits to change to 
industry and other teaching positions. The 
minimum reported increase was $600.00. 
The maximum reported increase was $5- 
600.00. The data was not heavy enough 
to analyze by year, or by rank, or by rea- 
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- DISTRIBUTION OF STAFF BY RANK 
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CHART C 
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son for quit. Most reasons given for quits rent Business, published under the aus 
yere financial. pices of the United States Department of 
An attempt was made in this survey to Commerce. Information from this study 
énd out why the quits were occurring and is presented below in comparison to me- 
i the primary cause has been for more dian salaries obtained from the ASEE sur- 
money, just how much or even approxi- vey of teachers’ salaries previously noted 
mately how much of an increase in salary w hich were adjusted for a 12 months base 
sas being received by the persons who left by adding twenty percent. Salaries were 
the academie atmosphere for industry, or compared in terms of average age in order 
changed the atmosphere to another institu- to obtain a comparison with the informa 
tion. Unfortunately, many of the deans _ tion in the U. S. Department of Commerce 
reporting this did not have sufficient data publication of physicians income. The 
in hand to make an individual college by median salary of instructors is tabulated 
lege analysis possible nor an analysis with the average age of instructors as op- 
by ranks. The majority of the quits was posed to the income of the same aged 
aused by a desire for more money. In- group from the aforementioned publiea- 
erestingly enough, the detailed returns re- tion. This data is presented in summary 
ealed that when a staff member quit to go ‘form below. 
to another college, his increase in salary While it is admitted that the physician 
vis approximately the same or at least spent more time in education before start 
sithin the range of the middle fifty per ing his period of earning in the past, the 
cent of the inereases received in the trans- recent growth of graduate work and em- 
fer of college staff members to an indus- phasis on doctorate degrees and experi 
ilatmosphere. There was, furthermore, enée in the higher ranks of engineering 
no significant difference in the amount of | faculty members is closing this breech. It 
money received for leaving the academic is hard to conceive that the disparity in 
field in the pogiar period as compared incomes revealed by this comparison is 
to the 1951-52 period. While the quits commensurate with either the responsibil- 
wer the two year period averaged some ity or the required education of the two 
$1700 per year increase, a comparison of professions, and again it becomes most 
salary opportunities and salary structures evident that the decentive characteristic 
in other branches of the engineering pro- = ____.__ sie ai 
fession will show how easy it is to obtain | 
this increase in annual income by an engi- 
neer Who desires to leave the academic 
itmosphere. 








| 
Average Net In- 


come of Physicians® 


Salary! 


Age | Net 
Group | Income 


a 
|Setas | 
, 


Comments and Comparisons Fe. " 

td f Instructor | $3360 30-34 1$ 9,806 
[wo brief comparisons were attempted, Agst. Prof. 4080 | 39} 12.608 

ne with salary opporunities in fields of Assoc. Prof. | 4920 | 14| 14,476 


engineering other than teaching, the other Professor 6120| 4 -49} 14,967 
neomparison to another profession. Dept. Head | 6360) 55 | 55-59) 13,226 
| | | | 





Comparison of Median Salaries of Engi- 1 From ASEE Survey of Teachers’ Salaries 
neering Teachers in Region I\ in Engineering Schools, Region IV, 1948-49, 
with Average Net Income adjusted for 12 months base by adding 20 

of Physicians per cent. 
rey 78 of , Ths ? Estimate ata in ASEE survey of 
Mr. William Weinfeld of the United stimated from data in urvey 0 


i teachers’ salaries in engineering schools 
States De " rece made an : r . : 
Department of Commerce made a Region IV, 1948-49. 


‘xhaustive survey of the income of physi- 3Source—Table 16, page 22, “Income of 
tans during 1929 to 1949. This was re- physicians” by W illiam Weinfeld, U. 8. De- 
ported in the publication, Survey of Cur- partment of Commerce 
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of wage advancement in the engineering 
teaching field is an important and fright- 
ening problem at the moment and one to 
which attention must be paid. 


Comparison of Engineering Teaching 
Salaries in the Southeastern Region 
with Salaries in Civil Engineering 

The August 1951 issue of Civil Engi- 
neering, published by the American So- 
ciety of Civil Engineers, contains its an- 
nual survey of salaries for the civil en- 
gineering profession. In this issue an 
analysis is made of salaries paid under 
different conditions to professional per- 
sonnel performing civil engineering func- 
tions. An abstract of this data is pre- 
sented in Table C which compares average 
salaries determined from this survey for 
the 1951-52 period for instructors, as- 
sistant professors, associate professors, 
professors and department heads com- 
bined, and deans with a corresponding 
pay grade in the civil engineering survey. 
Salaries are reported in the civil engineer- 
ing survey for 40 consulting firms cover- 
ing 1886 engineers, 19 construction firms 
covering 2194 engineers, 70 private organ- 
izations reporting 5526 engineers, 22 state 
highway departments reporting salaries of 
14,927 engineers, 21 municipalities report- 
ing salaries of 1935 engineers and 50 pub- 
lie organizations such as county, regional, 
and large federal authorities reporting the 
salaries of 18,045 engineers. A further 
comparison is made to the recommended 
ranges for engineering teaching profes- 
sion which have been published by the 
American Society of Civil Engineers and 
have been endorsed by the National So- 
ciety of Professional Engineers. The rec- 
ommendations were made in 1946 and so 
for purposes of comparison were adjusted 
upward by 25% to reflect the approximate 
change in the cost of living since the time 
of the recommendation. 

A study of Table C is almost frighten- 
ing in terms of the probability of obtain- 
ing competent, young engineering person- 
nel in the engineering teaching profession. 
It is apparent that if the young engineer 
is not concerned with “security” and is 


more concerned with “opport 
will point his future towards th, 
ity of entering the consulting { 
the other hand, he is looking | 
interested in “security,” he will | 
interest in state highway de), 
municipalities, and the public 
tions. The socialistic or leveling te 
in the rate structure is appar 
move from the more competitive 
to the more restrictive situations 
controlled by or are paid throu: 
or publie moneys. It is apparent 
longer one works for the public, t! 
such experience and professions 
ment is valued. 


Engineering Education Salari 
Engineering Industrial Salaries 


Another simple comparison which car 
be made is the comparison between the by 
ginning salary of the recent engineering 
graduate should he be hired by private 
industry or by the colleges. 

Let it be said, and let it be recognized 
but not disputed, that the type of individ 
ual sought for engineering teaching is the 
same type of individual sought by the best 
private employers. The young man 
sired by the private employer is a gradu 
ate in the upper third of his class, articr- 
late, reasonably mature, who has given 
evidence of leadership and the ability 
command the respect of others. This san 
type of man is what the engineering teach- 
ing profession needs. Private employers 
are offering young men of this caliber an 
entering salary of $325 per month to $35 
per month. This same young man, should 
he seek to enter the teaching profession, 
would be forced, as this survey reveals, t 
accept a starting salary not much in excess 
of $250 per month. Obviously, enginee! 
ing colleges cannot hope to interest a su! 
ficient number of young men, or the prope: 
type, in engineering teaching if this con- 
dition is to exist. On the other hand, i 
the college administrations seek even | 
approximate a competitive salary sea! 
with industry, they would have to pay 
what would approximate the entering s2- 
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ary for the associate professorship level, 
or would have to pay what an engineer of 
some 20 to 25 years of professional ex- 
perience is getting if employed in the en- 
gineering teaching profession. The charts 
and tables already reviewed reveal the 
very severe decentive characteristics of the 
existing rate structure. 

Obviously this characteristic of pay- 
ment cannot continue, or it will not be 


possible to interest those capal 
men now engaged in the teachi: 
sion to continue in their chosen 


Respectfully submitte: 


Pror. Frank F. Grosecwos 
Pror. H. L. MANNING 
Pror. Louis R. Suose 

Dr. W. P. WALLACE 

Dr. Gorpvon C. WILLIAMS 
Pror. Dan H. Ptuerra, C/ 





The following six papers were presented at the ASEE Centen- 


nial Symposium on Engineering Education and Training under the 


Chairmanship of A. A. Potter, Dean of Engineering, Purdue Uni- 


versity, September 4, 1952. 
History of Engineering Education by Frederic T. Mavis 
Achievements to Date in Engineering Education by Thorndike 


Saville 
-Its Relation to Engineering Eduea- 


The Technical Institute 
tion and Trade Training by C. W. Beese 


The Engineer and the Scientist by W. F. G. Swann 
Looking Ahead in Engineering Education by 8. C. Hollister 


Looking Ahead in Engineering Education by L. M. K. Boelter 





History of Engineering Education’ 


By FREDERIC T. MAVIS 

Professor and Head, Civil Engineering Department, 

Carnegie Institute of Technology 

Introduction ways had to wrestle with the power 
Nature. 

Men must obey Nature’s unwritte 
law. They may yield to it pass 

. or by their ingenuity and enter 
bend it to their own 
use. Nature does not change her « 
because men argue—however elog 
—that things should not be as they 
nor is she impressed by strong muscles 
and bluster. Yet all around us ther 
evidence that fieree Nature can be trans 
formed into a useful servant or a hi 
hold pet by those who will learn bh 
ways, and plan ingenious means to work 
in harmony with her. The story of man’s 
learning and planning to adapt power it 
nature to his use and 


Dr: Harry P. Hammond, Dean Emeri- 
tus of Engineering at the Pennsylvania 
State College, was originally scheduled 
to speak to you on this subject—and no 
one is better qualified than he to brief 
the history of engineering education. 
When he became ill early in June, I was 
invited to pinch-hit for him and to adapt 
for this meeting a talk I had given in 
March to the West Virginia Section of 
the American Society of Civil Engineers 
and excerpted in Carnegie Magazine in 
June under the title, “Our Engineering 
Heritage.” I am very happy to do this, 
realizing (as each of you does) that the 
history of engineering education can not 
be skimmed in thirty minutes, even with 


convenienc 


convenience 


such able discussers to supplement or to 
correct what I may say. Moreover, the 
history of engineering education (which 
is my assignment) ean only with diffi- 
culty be fenced off from the achievements 


primary; the story of his teac/ 
secondary. Learning and teaching 


gether, and a few diligent student 


soon reflect the strength of their teachers 


... but what ean a teacher do 


in engineering education which is the 
topie assigned to Dean Saville who will 
speak to you later. Accordingly, I shall 
limit my remarks to origins and growth 
of engineering education and to the 
heritage of ideas that may help set up 
a reflective mood in this Centennial Sym- 


“students” who will not learn? 

If engineering arts are as old as civ! 
zation, engineering education can not | 
far behind. I shall fall back on Jeger 
and history to support what I have to sa 


The Mosaic Legend 


is mor 


posium. 

Engineering in its broadest terms is the 
art of directing the great sources of 
power in Nature for the use and con- 
venience of man. It is an art as old as 
civilization itself, because men have al- 


Probably no other legend 

deeply rooted in our mores than tle 
legend of the creation and the fall 

man—the legend of Adam and Eve, 0! 
Cain and Abel—and there has been much 
speculation about where Cain got | 
wife. The First Book of Moses is otte! 
tiresome with geneology and “begats.” 
but it merits thoughtful reading for m 


* Presented at ASEE Centennial Sym- 
posium on Engineering Education and Train- 


ing, Chicago, Illinois, September 4, 1952. 
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present purpose of engineering and edu- 


eation. 

When Cain was banished, he got his 
wife from the land of Nod and raised 
his family there. (What engineering 
teacher doesn’t get his eight-o’clock classes 
from the same place and keep them there 
much of the time he is lecturing?) Ae 
cording to this legend, Cain built a city 
which he named after his first son Enoch. 
Today, the job of planning cities, of 
building them, of supplying them with 
water and with facilities to remove wastes, 
of providing ways that men and goods 
can be transported efficiently in and _ be- 
tween cities, often of managing municipal 
enterprise itself... is the work of a 
ivil engineer. Whether Cain was the 
frst woman-born eivilized man is not im- 
portant; but the legend that he 
structed the first engineering works of 
civilized man by building a city is in- 
teresting. The Mosaic legend is not in 
conflict with my first premise that, what- 
ever it may have been called, civil engi- 
neering is coeval with civilization. And 
all other branches of engineering as we 
know them today—except strict military 
engineering—have grown from the main 
stem of civil engineering within the last 
hundred years. 

If you follow the line of “begats” you 
will find the sixth lineal descendant of 
Adam in the Cainite line is Lamech, son 
of Methusael, who introduced polygamy 
by marrying Adah and Zillah. Between 
A—and Z—he had three sons who fath- 
ered a good bit of civilized enterprises 
themselves. According to the Mosaie 
legend : 


con- 


“Jabal: he was the father of such as 
dwell in tents and such as have 
cattle.” (Genesis 4: 20.) 

“Jubal: he was the father of all such 
as handle the harp and organ.” 
(Genesis 4: 21.) 

“Tubal-cain, was an instructor of every 
artificer in brass and iron.” (Genesis 
4: 22.) 


If you follow the “begats” in the 
Sethite line you will find another Lamech, 


ENGINEERING 


EDUCATION aes 
who was a son of “old man” Methuselah 
and the father of Noah. Noah may have 
been the world’s first flood forecaster and 
The Mosaie 
continues to say that— 


shipping magnate! legend 


“Noah began to be an husbandman, and 
he planted a vineyard. (Gen 


esis o: Zi.) 


and to suggest that he was the first man 
to become drunk by consuming too much 
of the wine that was produced on his 
lands. 
modity much like money today!) 


(Wine in those days was a com 


So it is recorded in the Mosaie legend 
that commerce, music, and instruction in 
the mechanic arts had their beginnings in 
the seventh generation of descendants ot 
Adam by the wicked Cain; and that flood 
forecasting, shipping, and intoxication 
were introduced at about the same time 
by a descendant of the good Seth. 

The span of years between Tubal-eain, 
“instructor of every artificer in brass and 
iron,” and the teacher of 
today is uncertain—but certainly it is 
long. Meanwhile, civilized man practiced 
irrigation and a erude art of 
from earliest times, and he 
understood much more of the world about 
him than we are likely to give him eredit 
for. I shall not discuss the structures, 
monuments, hydraulic works of the 
Egyptians and Babylonians; the archi- 
tecture of the Greeks; the roads, bridges, 
buildings, aqueducts, baths, and water 
laws of the Romans; the specifications 
and contracting procedures of antiquity. 
I shall not speculate on the knowledge 
ancient engineers had of rollers, levers, 


engineering 


surveying 


must have 


pulleys, and inclined planes; of the theory 
of arches as well as of the practice of 
building them to be useful and beautiful 
for more than two thousand 
the science of mechanics and its appliea- 
tion to arts of peace and war; of geometry 
and astronomy; of logic, and the mind 
tracks of induction and deduction; of law 
to govern rulers and those they ruled; 
of rhetoric and the art of persuasion; of 
musie and art and sculpture; of the edu- 
cation and training of youth. Yet all 


years; ot 
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these bear significantly on the advance- 
ment of civilization—and with it engineer- 
ing and engineering education. Who to- 
day can expect to have his works live 
two thousand years from now? Yet that 
is exactly what is happening to the works 
of Archmedes in mechanics; of Euclid in 
geometry; of Vitruvius in building con- 
struction and engineering education; of 
Frontinus in water supply and law. 


Heritage of Ideas 


In the province of ideas it is not al- 
ways easy to distinguish “old” from “new.” 
Compare ideas about the education of an 
engineer today with Vitruvius’ ideas about 
the education of an architectus 2000 years 
ago. (Incidentally, the architectus of 
Vitruvius’ time is the common ancestor 
of today’s engineer and architect. Since 


I am speaking of the history of engineer- 
ing education I shall translate the Latin 
architectus into engineer and grant that 
architect would be an equally appropriate 
translation. ) 

After describing clearly the interplay 


of craftsmanship and technology in the 
work performed by the engineer, Vitru- 
vius ¢ suggested how the engineer should 
be trained. He said, in effect, that en- 
gineers “who without eulture aim at 
manual skill cannot gain a prestige cor- 
responding to their labours, while those 
who trust to theory and literature obvi- 
ously follow a shadow and not reality. 
But those who have mastered both [skill 
and culture], like men equipped in full 
armour, soon acquire influence and at- 
tain their purpose.” 

The engineering student, he added, 
must have both a natural gift and also 
readiness to learn. For neither talent 
without instruction nor instruction with- 
out talent can produce the perfect master. 
| The engineer] should be a man of letters, 
a skillful draftsman, a mathematician, 
familiar with historical studies, a diligent 
student of philosophy, acquainted with 

t Vitruvius on Architecture,’’ Vol. I, 
Book i, Edited and translated by Frank 
Granger. Harvard University Press and 
William Heineman, Ltd. (1945). 
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music, not ignorant of medicine. | 
in the opinion of lawyers, familig 
astronomy and astronomical caley 


To those who would wonder ¢} ' 
one could master so many subjects Y 
truvius said that all these stu 
related to one another and have ; 
of contact... . For a general educa 
is put together like one body f: 
members. So those who from 
years are trained in various studies 
ognize the same characters in 
arts and see the intereommunicat 
all disciplines, and by that circumstane 
more easily acquire general information.” 
What more need be 
learning. .. ? 

Vitruvius stressed the importance 
being “fair-minded, loyal, and what 
more important, without avarice; for 
work can be truly done without good 
faith and clean hands. Let [the engi 
neer| not be greedy nor have his mind 
busied with acquiring gifts; but let 
with seriousness guard his dignity by 
keeping a good name.” What more need 
be said of ethics? 

We would be smug to assume that our 
ideas on engineering education today 
so far ahead of ideas the Romans 
2000 years ago. We would be a 
less than stupid to ignore other parallels 
between great peoples who lived and 
worked at opposite ends of twenty cen 
turies of the Christian Era. To illustrat 
what I mean let me merely allude to suc! 
books as “The Wisdom of Confucius,” 
by Lin Yutang; “Vitruvius on Arch 
tecture,” by Frank Granger; “Frontinus 
and the Aqueducts of Rome,” by Clemens 
Herschel; “The Notebooks of Leonard 
da Vinci,” by Edward MeCurdy; “Th: 
Works of Francis Bacon,” by Basil Mo: 
tague; “The History of The Induct 
Sciences,” by William Whewell; “Th 
History of Magie and Experimental 5a 
ences,” by Lynn Thorndike; “Aims 
Education and Other Essays,” by Alfred 
North Whitehead; “Conflict of Studies 
and Other Essays,” by Isaae Todhunter: 
“Too Much College,” by Stephen Lea 


said of conti: 
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vk; and—a current gem—‘Engineers 
ind Ivory Towers,” by Hardy Cross and 
Robert Goodpasture. 

The Romans reached front rank among 
«vilized peoples about the first century 
AD. and the end of their decline is 
ysually marked by the burning of Rome 
near the end of the fifth century. The 
jecline was a gradual process involving 
“bread and cireuses’—more “bread” fol- 
lowing more “cireuses” in a dizzy spiral. 
People were unable or unwilling to see 
the inevitable dangers of political pro- 
rams that give away “benefits” and take 
away personal rights and self-respect— 
and people and politicians coasted to de- 


struction. The fall of Rome was brought 


about more by the fiddling of Nero and 
his predecessors than by the actual burn- 
ing of the city of Rome! 


Advancement in Medieval Times 


Western Europe fell apart after Rome 
lost its lead, and a thousand years passed 
before a widespread revival of cultural 
progress was ushered in by the invention 
of printing in the fifteenth century. But 
this thousand years was not wholly dark. 
The monks made great efforts to keep 
civilization alive. One mendicant order, 
Brothers of the Bridge, built and main- 
tained roads, bridges, and wayside shel- 
ters. “Ingeniators” or master builders were 
in great demand to build private homes for 
the nobles and to make and operate en 
gines of war. The name “engineer” 
came into being for ingenious men who 
did engineering work. I need only to 
mention such names as Roger Bacon, 
John of Salisbury, Abelard, to suggest 
that science and education were not dead 
in the twelfth century either. Great 
changes were taking place with action 
it the Crusades counteracted by the 
knowledge that followed them back out 
of the East. Gunpowder had been in- 
vented and its use in war sounded death 
to the medieval castle. One common 
soldier with firearms was more than a 
mateh for many nobles in heavy armor! 

A great revival of art and learning 
‘arted in Italy, and it soon spread be- 


217 


yond the Alps. 
was 


The mariner’s compass 
invented—and with it came new 
courage to explore more unknown worlds. 
A science of mechanies was firmly 
grounded—and with it came new courage 
to explore more of the world’s unknown. 
Indeed, when Galielo was born in 1564 
(about fifty years after Leonardo da 
Vinei died) the world was more than 
half medieval—and when he died in 1642 
(the year Newton was born) the world 
was more than half modern. Good books 
were being printed and widely dissemi 
nated. 
as they have been in any age—and once 
they were free to think, they thought 
great thoughts that brought some of the 
greatest advances in all time. At the 
end of the medieval period the old art 
of casting bells and cannon was reborn 
as the art of making machinery and 
metal cylinders The modern world was 
being born—and among engineers 


The minds of men were as great 


and 
scientists who helped with the delivery 
are such men as Copernicus, Leonardo da 
Vinei, Stevinus, Galileo, Huygens, New- 
ton, Pascal and Vauban 


Progress in Modern Times 


Before the eighteenth century, training 
for engineering was by apprenticeship. 
If you can get the right masters and ap- 
prentices together there is no better 
method; but it is not geared to handle 
large numbers of students. Schools for 
engineers grew out of the need for more 
well-trained men than the apprentice sys- 
tem could provide. It was the French 
who led in the development of engineer 
ing as an art-science in schools of higher 
learning, and other Europeans and Ameri 
cans soon followed their lead. 

Perronet, engineer to Louis XV _ of 
France was given the job of building a 
system of national highways. Realizing 
the importance of good technical train- 
ing, he transformed his staff into a school 
of men working together in 1747, and 
this school was legalized and officially 
named the Ecole des Ponts et Chaussées 
in 1775. Because of this, Perronet is 
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sometimes called the father of engineering 
education. 

Great economic and political changes 
were taking place in France and America 
in the late eighteenth century. Equally 
great changes were taking place in engi- 
neering—in manufacturing, transporta- 
tion, commerce, and agriculture. The spin- 
ning jenny and steam engine were in- 
vented and later the cotton gin. The 
industrial age had begun. A new shingle 
appeared in the professional world: John 
Smeaton, “civil engineer,” had coined a 
new adjective to distinguish one branch 
of the engineering profession from an- 
other. Two famous technical schools 
were founded in the latter part of the 
eighteenth century: the Bergakademie at 
Freiberg in Saxony in 1766 and the Ecole 
Polytechnique at Paris in 1794. Even 
so, engineers in England were trained by 
apprenticeship for many years. 

American state universities came into 
being with the laying of the cornerstone 
of the University of North Carolina in 
1793. The first student was Hinton 


James t who became a civil engineer. He 
entered the University early in 1795, was 
graduated in 1798, and left in a “record 
book” the titles of original and “excep- 


’ 


tionally meritorious” compositions that he 
presented on Saturdays. Little is known 
of subjects he was taught as a student; 
but the titles of his original compositions 
show that he learned science, business, 
and economie geography—sound prepara- 
tion for civil engineers of his day. Later 
he became assistant to Chief Engineer 
[Robert] Fulton on navigation work, and 
superintendent of work for improving the 
Cape Fear River. 

In America, where so many men have 
entered state universities, it is interesting 
to note that the first was to graduate and 
become a good civil engineer! 

In the early 1800s power was applied 
to transportation, and all industry in 
Europe and America advanced rapidly. 
More technical schools were needed to 


+I am indebted to Professor T. F. Hick- 
erson for information about Hinton James. 


train men who could lead 
mechanized industry. In 1802 the ni. 
States Military Academy was est 

at West Point—modelel afte; 
Polytechnique. It was the first 

of applied science in any Englis} 

ing country. Other schools 
gineering training: Polytechnic 

of Vienna, 1815; Norwich, 1819: Rov 
Polytechnie of Berlin, 1821; Rens. 
1824; University College, London, 
and Harvard, 1847. 

Formal engineering education n 
taken firm root—even if it was 
mathematical and dealt largely 
theory. Leadership was being transfe: 
from continental schools to the 
States. It is in our own country 
find real progress in formal engin 
education during the next hundred 
beginning in 1852. 


1852-1859 


In 1851 the first international ex! 
was held in London. Industrial products 
from many countries were displayed and 
there was increased interest in technology 
The American Society of Civil Enginee: 
was founded in 1852, and engineering 
education went forward rapidly. After 
Yale added engineering to its prograi 
of study in 1852 and Michigan in | 
there were six schools of engineering in 
America—and all of them are active today 

B. F. Greene, director of Rensselaer, 
studied methods and programs of engi 
neering education in Europe and reorgan 
ized work at Rensselaer. In 1855 he pub 
lished at his director’s report, The Trw 
Idea of a Polytechnic Institute—a classi 
that merits study today. It is natural, 
he wrote, to question the utility of such 
studies as rhetoric and philosophy to tech 
nical men when the time spent in formal 
engineering education is so short. Yet 
there should be balancing elements in a 
course necessarily so materialistic. 
studies, he reasoned, are more suitable 
than these [rhetoric and philosophy} for 
developing the mind and they should find 
a prominent place in the educational pro- 
gram of every polytechnic institution 


1853 
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Rensselaer was thus firmly established as 
a technical university and was influential 
in shaping engineering education in 
America. 

1860-1879 


In 1862—midway in the War Between 
the States—the First Morrill Act granted 
land for eolleges of agriculture and me- 
chanie arts. The number of publicly 
supported schools grew and each one 
that received land grants included engi- 
neering in its programs. Many private 
ehools followed this lead. In the ten 
years before 1862 the number of engi- 
neering schools had grown from four to 
seven or eight, and by 1870 to seventeen. 
After the close of the Franco-Prussian 
War in 1871 there was increased activity 
in science and technology in Europe and 
this was reflected in the United States. 
The number of engineering schools had 
nereased to 70 by 1872. 

In a paper on “The Education of 
Civil Engineers,” T. C. Clarke told mem- 
bers of ASCE in 1874 that the educa- 
tional program should stress learning 
general principles in the schools and ac- 
quiring technical knowledge in practice. 
This was a highly controversial issue 
among engineers in 1870's. <A. L. 
Holley argued the other side in a paper 
on “The Inadequate Union of Engineer- 
ing and Science” read before the Febru- 
ary 1876 meeting of The American Insti- 
ture of Mining Engineers (founded in 
1871). Engineering schools were laying 
too much emphasis on abstract principles, 
he argued; and he advised putting the 
actual practice first and the theoretical 
study later. Debate was brief but sharp, 
and the issue was referred to a committee 
to continue the discussion at a joint meet- 
ing of ASCE and AIME at the Centen- 
nial exposition at Philadelphia in June 
1876, 


Twenty-five engineers, 


prominent in 
edueation and practice, took part in this 


two-day discussion at Philadelphia. The 
concensus was that education to prepare 
real engineers must be broad—stressing 
essential underlying principles and a con- 
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siderable range of so-called cultural stud- 
ies. Practical training was also necessary 
early in the professional life of the engi- 
neer. 


1880-1899 


The exposition of 1876 in Philadelphia 
was the first in the United States, and 
it stimulated widespread interest in sci- 
ence and engineering. It is not surprising 
then that the number of schools which 
taught engineering increased to 85 by 
1880. 

The Second Morrill Act of 1890 pro- 
vided further support for colleges of 
agriculture and mechanic arts. When the 
World’s Columbian Exposition was held 
in Chieago in 1893, engineering was 
taught in more than one hundred schools, 
and interest in engineering was still grow- 
ing. The Society for the Promotion of 
Engineering Education was organized un- 
der the chairmanship of Ira O. Baker, 
professor of civil engineering at the Uni 
versity of Illinois, as Section E of the 
World’s Engineering Congress. Papers 
at that meeting were presented by men 
inspired—indeed it is a humbling experi- 
ence to reread Volume One of Engineer- 
ing Education, dated 1893. 


1900-1919 


In 1907 the Society for the Promotion 
of Engineering Education invited the 
“Founder Societies” in engineering and 
the American Chemical Society to appoint 
delegates to a joint meeting to report 
on the appropriate scope of engineering 
education and on the degree of co-opera- 
tion and unity that might be advantage- 
ously arranged between engineering 
schools. The Carnegie Foundation for 
the Advancement of Teaching and the 
General Education Board were invited to 
appoint delegates the next year. The 
members of national technical societies, 
asked to express their opinions of the 
essential characteristics of an engineer, 
rated them in the following order of im- 
portance: 1. Character, integrity, re- 
sourcefulness, initiative. 2. Judgment, 
common sense, scientific attitude, perspec- 
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tive. 3. Efficiency, thoroughness, accu- 
racy, industry. 4. Understanding of 
men, executive ability. 5. Knowledge of 
fundamentals. 6. Technique of practice 
and business. 

C. R. Mann said in 1917 that the di- 
vision of time in the 125 schools studied 
was 20 per cent to the humanities, 30 
per cent to mathematics and basic sci- 
ence, and roughly 50 per cent to technical 
work. 

By 1918 Dr. Mann’s investigation was 
completed and his final report, A Study 
of Engineering Education, was published 
by the Carnegie Foundation for the Ad- 
vancement of Teaching. 


1920-1939 


In 1922 the Council of SPEE proposed 
that another investigation be made of the 
objects of engineering education and the 
adequateness of the curriculum. Carnegie 
funds, and others, were granted. W. E. 
Wickenden was named director of the 
investigation and H. P. Hammond, as- 
sociate director in charge of relations 
with engineering colleges. Many organiza- 
tions and faculty committees helped in 
securing data and submitting reports. 

The two-volume Report of the Investi- 
gation of Engineering Education, 1923- 
29 reached four main conclusions: 1. An 
undergraduate course should be a co- 
ordinated program of three stems of sub- 
ject matter: science, engineering meth- 
ods, and social relations. The last year 
should be focused upon the students’ 
major subject. 2. The three stems of 
engineering education should be unified 
into one branch with unity of administra- 
tion. 3. An undergraduate course should 
be four years in length. 4. A graduate 
should continue his development either 
by formal graduate study in a school or 
by individual study after he enters prac- 
tice. 

The Wickenden-Hammond _ reports 
guided engineering education through the 
post-war years of the 1920’s and the de- 
pression of the 1930’s. When he was presi- 
dent of SPEE in 1933, W. E. Wickenden 
said that during the ten years of the In- 
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vestigation engineers had au 
envied position among college 
A sense of unrest and uncertainty 
given way to a sense of assurance 
were the happly fruits of the B 
wise policy of promoting a prog ( 
stimulation, rather than one of standay 
zation. 

But engineering, which had giy: 
to many industries, was itself feeling ¢), 
pains of growth and social pressure dy; 
ing the 1930’s. Engineering edueatio; 
had to examine itself again in its 
and economic surroundings of th 
1940’s. Charles F. Scott may well hay 
set the stage for a new appraisal whe 
he wrote: “What are the causes leading 
to new trends? ... Our environment 
the world about us—is changing. T 
science which engineers apply is expand 
ing... . Development of 
education depends upon the willin: 
and ability for adaptation to changing 
environment. ...Is it to be... 
tion via the scientific, engineering route, 
or specific engineering via the educationa 


ladder?” 


{u 


1940-1952 


H. P. Hammond was chairman of the 
SPEE Committee on Aims and Scope ot 
Engineering Curricula which published 
its report in 1940. The committee stated 
that the flexible four-year undergraduat: 
curriculum, followed by graduate work, 
would meet needs better than a longer 
undergraduate curriculum; that the under 
graduate curricula’ should be 
broader and more fundamental through 
increased emphasis on basic sciences and 
humanistic and social studies; that ther 
were advantages in the parallel develop 
ment of the scientifie-technical and th 
humanistic-social sequences of the engi 
neering curricula; that the integrated pr 
gram which extends throughout the entir 
undergraduate period should therefore b 
preserved. 

Soon after the Hammond report was 
published the United States was a pat 
ticipant in World War II, and every en 
gineer—student, teacher, and practitione! 


made 
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_was buffeted by crises, hullabaloo, and 
. avalanche of directives. Engineering 
ageators Were bedeviled by changing 
sinds. What lay ahead? What might be 
the pattern of engineering education af- 
wr the war? Robert E. Doherty, then 
oresident of Carnegie Institute of Tech- 
wlogy and president of SPEE, appointed 
, committee on engineering education af- 
»p the war, and again H. P. Hammond 
«gs selected as chairman. The committee, 
sporting in 1944, found that the specific 
ourposes are essentially those recom- 
mended in the 1940 report on Aims and 
soope of Engineering Curricula. They 
wvised that the humanistie-social stem 
ould require a minimum of 20 per cent 
‘the student’s time and noted that un- 
«3 instruction ineluded the elements of 
practice, it would be in science rather 
han in engineering. Events had shown 
ne major extension to be needed: a more 
positive indoctrination in civie and pro- 
‘sional responsibilities. 


Engineers Keep Pace 


From legendary times until today, no 
men essential to human progress have kept 
better step with the vicissitudes of 
ilized progress than engineers and 
their teachers. At the close of World 
War II college enrollments were deci- 
mated—and a few years later their bur- 
lens Were increased more than tenfold. 
Yet they have not only survived this 
torrent of ehange—they have periodically 
taken their bearings in the light that 
story and mastery of their profession 
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gives them—and they have projected into 
the uncertain future, plans which have 
been realistic enough to make engineer- 
ing a little better, and our standard of 
living a little higher through periods of 
prosperity, depression, and war. In learn- 
ing to deal with forces of Nature—to get 
in step with her and apply her laws to 
the material and economic welfare of all 
mankind—the engineer learns to deal 
realistically with things as they are; and 
he does does not waste too many tears 
about things that might have been. Our 
engineering heritage is in large measure 
the realism and strength and courage that 
one must acquire if he is to work in the 
vanguard of inevitable change. In deal- 
ing with the caprice of Mother Nature 
the engineer has been pretty successful; 
in dealing with the eussedness of human 
nature he has limitless challenges and op 
portunities ahead of him. 

Who ean tell what changes lie ahead? 
Engineers may study the “laws of poli 
ties” in days to come, and harness the 
overgrown giant of governing machinery 
which has become America’s master, 
rather than her servant. Would engi- 
neers bungle that job more than politi- 
cians have done? Time only can answer 
that. But I would ask one rhetorical 
question in conclusion: could politicans 
have done as well in bending the forces 
of nature to man’s convenience and use 
as engineers have done? The job of 
harnessing politics for the use and econ- 
venience of man is yet to be done—and 
we'd better begin now! 


Centennial Issues 
of the 
Journal of Engineering Education 


The December and January issues of the JOURNAL OF ENGINEERING 
EDUCATION contain papers which were presented at the Centennial of Engi- 


neering in Chicago in September. 


Extra copies of these issues can be ob- 


tained for $1.00 per copy by writing to the American Society for Engi- 
neering Education, Northwestern University, Evanston, III. 





Achievements in Engineering Education 


By THORNDIKE SAVILLE 


Dean of Engineering, New York University 


Introduction years of World War II, then increas 
The achievements in engineering educa- % Maximum of about 230,000 in 1947, 
tion during the past century are con- has now (1951-52) declined to about 12 
temporancous with and an inextricable V0. 
part of the achievements in the geograph- Recipients of the first (bachel 
ieal expansion, industrialization, and ur- ¢quivalent) degree in engineer 
banization of the United States during creased from about 25 in 1852 to over 
this same period. It is afar cry from the 900 in 1950. Declining enrollment 
simple single curriculum in the physical then have resulted in fewer gr: 
sciences, mathematics, drafting, surveying, From about 30,000 in 1952 it is estir 
and the practical arts of construction @ minimum of some 15,000 graduat 
available in the half dozen institutions pro- be reached in 1956 with a modera 
fessing to give “engineering” one hundred CTE8SC thereafter. During the past 
years ago to the twenty major curricula tury the total number ol ne 
now accredited in one or more of 148 engi- — has inereased from a few | 
neering colleges in the country. The three- - 1852 to 7,000 in 1880 to ie’ 
year civil engineering curriculum (such as 1952. The accelerated demand 1 
it was) in 1852 has not only proliferated aa well illustrated by the ex] 
into many specialized four-year under- ‘" — © mar industries eo 
graduate curricula, but has expanded to ‘8 ™mIng, construction, Samapontath 
substantial post-graduate study and re- and panies Wurittes) in which the numb 
search in many fields. ” Ri 3 My = mapees sen of go 
Faculties have changed from a few sei- creased Pann San ee nae fo 2000 .in 1) 
entists and practical men of good will con- ; Engineering colleges: have ee 
cerned with the problems of transporta- from —— half cone ra 1852 ae 
tion and the mechanical arts, to large 1870, 85 in 1880, 126 - 1918, —_ 
ae . Pee 1952. The latter figure refers to colleges 
groups of highly trained specialists versed ee cay 
in the theory and practice of a profession bere ree one a sera” 
which has come of age. In 1852 there Engineers’ Couneil for megpenigen if 
were probably no more than twenty-five or velopment. In reap there ae a 
thirty scientists or professionally trained colleges reported by er i ia wes 
people in the engineering schools. Today Education as offering ere oT 
eave ene aeuk F500. engineering, not accredited by ECPD 
Undergraduate enrollment increased 2‘«Employment Outlook for Engineers.’ 
from perhaps 250 in 1852, to 1400 in 1870, Bulletin 968. Bureau of Labor Statistics 
and to a peak in accredited engineering 1949. 
colleges of over 100,000 in 1940. Enroll- 8 There are 7 engineering colleges in Cau 
ment in these colleges decreased during the ada, whose curricula are recognized by 
——— major Canadian engineering societies. 11°s 
1 Address at Centennial of Engineering, colleges had 5204 engineering students 
Chicago, Tllinois, September 4, 1952. 1869 graduates with first degrees in 
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Facilities have improved from the 


vented quarters used for many years by 


he first engineering school* to the re- 
spectable laboratories and classrooms of 
most of the aceredited engineering col- 
‘eges, and to the awe-inspiring and elabo- 
vi structures of a few of the great pri- 
rate and publicly supported institutions 

f today. 

This quick review of certain quantita- 
tive achievements in engineering education 
juring the last century presents no con- 
veption of the qualitative improvements 
which have taken place. Nor does it re- 
fect the concern of the engineering so- 
eties and of engineering edueators with 
hanges brought about by the ever enlarg 
ing applications of science to industrial 
ind agricultural pursuits and to the health 
ind convenience of the people. These are 
the responsibilities of the engineer, and 
the suecess with which he meets them is 
lependent in large measure upon the 
scope and adequacy of his education. The 
purpose of this address is to describe 
briefly the major changes which have 
taken place over the past century, par 
ticularly during the last 50 years. 


Curricula—The First Fifty Years 
Prior to 1870 the chief aim of engineer- 
ng curricula was to train civil engineers 
to meet the problems of an era of rapid 
geographical expansion and of growth in 
irban population. The instruction was 
largely confined to mathematics (algebra, 
geometry, trigonometry, and caleulus); a 
vear each of physics, chemistry, astron- 
my, geology, history and foreign lan- 
guage; two years of surveying, two years 
{ English, and courses in the practical 
applications of “machines,” ‘“construe- 
tions,” “hydraulie works,” “earth work 
and masonry,” and in some cases mining 
ind metallurgy. 

The rapid growth of industrialization 
ECPD has not been requested to accredit any 
iricula in these schools. 

‘Rensselaer Polytechnic Institute, the pro 
genitor of engineering education in this 
intry, was founded in 1824, and granted 
the first engineering degree in 1835. 
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following the Civil War brought about a 
demand for more varied, rigorous, and 
comprehensive education for engineers. 
This stimulated the establishment of many 
new engineering colleges and engineering 
departments in existing institutions. Be- 
teween 1870 and 1890 the number of in- 
stitutions offering formal programs in en- 
gineering had inereased from 17 to 110. 
The Morrill Acts of the 1860’s provided a 
powerful stimulus to the establishment of 
the Land Grant Colleges, where instrue 
tion in the “mechanies arts” rapidly 
evolved into engineering curricula. <A 
number of schools of mining engineering 
developed between 1864 and 1880. Me 
chanical engineering began to emerge as 
an important separate curriculum in the 
1880’s, and electrical engineering in the 
following decade. Chemical engineering 
was offered by two or three colleges in 
1900. 

The period from 1870 to 1900 was one 
of transition. The major curricula in 
civil, mining, mechanieal, electrical and 
chemical engineering developed in the 
order named from empirical and so-called 
“practical” instruction based on didactic 
teaching in the classroom to what became 
for the ensuing fifty years the conven- 
tional engineering curriculum, namely, 
four undergraduate years, the first two 
devoted largely to basie studies in the nat 
ural and mathematical sciences and the 
last two inereasingly occupied with spe 
cialized courses pertaining to the particu 
lar professional discipline being pursued. 

Dr. H. P. Hammond has pointed out 
that “in certain fields of engineering 
civil, mechanical, mining—the art pre- 
ceded the science, whereas in others—elec- 
trical, chemical and perhaps metallurgical 
—the science preceded the art. This evolu 
tion reflects itself in the relative extent to 
which the corresponding curricula have 
been largely empirical or scientific in na- 
ture.” 

A notable innovation, peculiar to Amer- 
ican engineering education, was*® “the 


5**A Comparative Study of Engineering 
Education in the United States and Europe.’’ 
W. E. Wickenden, Bulletin No. 16, The So 
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great development in laboratory methods 
of teaching, a field where American leader- 
ship has been especially marked.” An- 
other contribution peculiar to engineering 
education in this country is the emphasis 
placed upon the economic, management 
and production phases of engineering, 
particularly in the development of sep- 
arate curricula in industrial engineering. 


Curricula—The Last Fifty Years 


The period from 1900 to 1950 was not 
marked by any profound changes in either 
the philosophy or the practice of under- 
graduate education, except for the inaugu- 
ration of the “cooperative plan” and the 
development of formal degree programs 
given in the evening in a number of the 
larger metropolitan centers. Both are de- 
scribed in other sections of this paper. 


Curriculum Trends 


During this past 50 years there has been 
a rather marked trend toward more rigor- 
ous treatment of the professional courses 
given in the last two years of the under- 


graduate curriculum. Scientifie discov- 
eries and advances in scientific knowledge 
have necessarily been reflected in their 
applications to engineering. To under- 
stand and to apply this new knowledge 
have in turn required more extensive study 
in mathematics and the physical sciences. 
A trend toward more such study in the 
undergraduate curriculum has been dis- 
cernible but not marked during the past 
fifty years. 

Increased emphasis has been given to 
the social-humanistie studies, but these 
must remain circumscribed so long as the 
present type of rigid undergraduate cur- 
riculum persists. 

The proper and feasible balance be- 
tween fundamental science, professional 
subjects, and the “art of engineering” has 
been a perennial subject of controversy. 
A description of the situation presented 
by Dr. Robert Fletcher of the Thayer 
School of Engineering in a paper before 
the International Engineering Congress in 
ciety for the Promotion of Engineering Edu- 
eation, 1929. 
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1905 is applicable today. “Extreme. 
are held. Some would have 


programs cover an all-around trainin 


fundamental subjects only, grou 
students in the basal principles 0: 
maties, mechanics and physica] 
and those which determine 
practice in 
to broader culture, but giving 
avoidable attention to details. 
arguing that this is above all thi 
age of specialists, would have th 


eng 


begin to differentiate his studies with ye 


erence to some specialty even in the 
ondary school. Others claim 


the 


general, giving due time 


common arrangement is necessary and s 


ficient, that which devotes two or 
years of a four years course to the 1 
general underlying subjects, and th. 


two years or one to study and practice ir 


the special direction. Others argu 
the specialty is the life work and s| 
be begun last, and that the school 


therein is better done in a fifth or post 


graduate year.” 


The slight trends toward more rigor 


upper class subjects and toward 


fundamental science in the lower elass sul 
jects have been paralled by a marked trend 
toward an increase in the number of sey 


rate undergraduate curricula bot! 
nized and proposed. The five or s 


undergraduate eurricula beaving the names 


of the great “founder” engineering so 


ties began to have “splinters” 


after 1900, just as did the societies ther 


selves. Just as 


separate 


preak 


t 


were formed for highway, railway, sat 


tary, radio, refrigeration, safety, power 


automotive, ceramic, and other speci: 
so newly designated eurricula have 


Y 


pre 


, 


? 


organizations 


liferated in the engineering colleges, a! 


ns 


in many cases using similar designat! 
Today twenty such curricula are accredited 
by ECPD, and proposals for more hav 
This subject is diseussed 
further under the heading of “Aceredita 


been submitted. 


tion.” 


The Cooperative Plan 


Reference has been made to 


te 
a notable 
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pas statistically had a rise and fall during 
the past half century. : The “Cooperative 
plan of Engineering Education” was in- 
sugurated at the University of Cincinnati 
n 1906 by Dean Herman Schneider. This 
‘s defined ® as “an integration of classroom 
york and practical industrial experience in 
wn organized program under which stu- 
jents alternate periods of employment in 
ndustry, business, or government.” This 
sli had considerable vogue between 1910 
and 1930, but as late as 1949 only six of 
the 148 aceredited engineering colleges re- 
ire it for all of their undergraduate 
students. Twelve others utilize the plan for 
some of their students, either on an elective 
basis or for a particular curriculum or 
group. Eleven aceredited engineering col- 
leges adopted the plan, and subsequently 
tbhandoned it. The plan is markedly suc- 
cessful in many of the 18 accredited in- 
stitutions utilizing it for all or a part of 
their students. It has obvious advantages 
f the “learning while doing” character. 
Its suecess depends upon continuous and 
rather expensive supervision by the educa- 
tional institution of the kind of practical 
work in which the students are engaged 
and the coordination of such work with 
the curriculum content at a given time. 
The failure of the majority of accredited 
engineering colleges to adopt or to con- 
tinue the cooperative plan is believed to 
be due to a variety of difficulties, of which 
added length of time to receive a degree, 
greater cost, difficulty of suitable employ- 
ment in depression periods, and objection 
of labor unions are among the more im- 
portant. The inereased availability of en- 
gineering curricula given in the evening 
n larger metropolitan centers (discussed 
elsewhere) provided a less expensive and 
n part a more realistic substitute for the 
‘ormal cooperative plan. 


Evening Degree Programs 


By the early 1920’s four institutions in 
New York City, one in Washington, and 
_**‘A Survey of Cooperative Engineering 
“lueation.’? Bulletin No. 15, 1949, U. 8. 
fice of Education. 
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one in Pittsburgh had begun to offer forma] 
engineering curricula in the evening for 
which degree credit was given. The first 
ECPD accrediting committee had some mis- 
givings as to the adequacy and equivalency 
of these programs as compared to the usual 
four-year full-time day program. How- 
ever, after some study and the reports of 
special subcommittees, four such curricula 
were accredited in 1936, three in New 
York and one in Pittsburgh. By 1951 
ECPD had aceredited evening programs 
in only six institutions, three in New York, 
one in Newark, one in Pittsburgh and one 
in Cleveland. However, many of the en 
gineering colleges aceredited for full time 
day curricula are offering unaccredited 
evening programs of substantial size. The 
six institutions having aceredited evening 
programs reported approximately 6500 
students enrolled in 1951, out of a total of 
13,400 evening students in all of the ae- 
credited institutions. There were 3500 
evening students enrolled in evening de 
gree programs in 1924. 

The evening programs are primarily de 
signed for those financially unable to pur- 
sue a four-year full time day prgoram. 
Such students are employed during the 
day time, frequently in sub-professional 
occupations analagous to those utilized 
under the cooperative plan. To a degree, 
therefore, evening programs represent a 
modification of that plan. The evening 
programs require a minimum of six years, 
and customarily six and one half to eight 
years before the first degree is obtained. 
These programs, when carefully and con- 
scientiously administered, are proving in 
all respects the equal of the full time day 
programs. There are tendencies which 
have to be watched to be certain that 
course content, student performance, and 
quality of instruction are maintained on a 
satisfactory basis. In some institutions an 
undue number of students may be enrolled 
in evening programs who are not prima- 
rily interested in obtaining a degree, but 
are more concerned in the vocational util- 
itv of a single course or a few courses. 

On the whole, carefully formulated and 
well administered evening engineering cur 
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ricula are supplying a needed opportunity 
for students unable to finance a full time 
day program, and the graduates from 
these programs constitute an important 
supplement toward helping meet the de- 
mand for more engineers. The programs 
have been successful in the few metropoli- 
tan centers where they have been operated 
for many years, and there is a real need 
for the development of additional ae- 
credited evening curricula in a good many 
other areas, particularly where manufac- 
turing industries can supply a sufficient 
volume of students. 


Faculty 

Obviously the quality of instruction in 
engineering is dependent largely upon the 
calibre of the faculty charged with impart- 
ing it. Just as instruction and curricula 
content have tended to become more rigor- 
ous and more specialized, so has the eali- 
bre of the faculty tended to become more 
learned and more competent in special 
ureas of science and technology. The 
early engineering teachers were scientists 
or practical men who looked to Europe, 
and particularly France, for the engineer- 
ing and scientifie texts and treatises which 
formed the basis for most of the formal 
teaching. Since 1880, and particularly 
during the last fifty years, an entire liter: - 
ture of engineering education has become 
established in this country, which for care- 
ful preparation, seope of coverage, the- 
oretical and practical content, and excel- 
lence of format has no equal in the world. 
This literature has increasingly reflected 
the growing stature of our faculties. 

Another index of the accomplishments 
of the teaching staffs may be measured by 
the great inerease in the per cent of the 
total number which hold advanced degrees. 
From the rather sparse and unsatisfactory 
statistical data which exists it is probable 
that during the past fifty years the per 
cent of faculty members engaged in teach- 
ing engineering subjects who hold an ad- 
vaneed degree has increased from perhaps 
25% in 1900 to about 45% in 1920, to 
60% in 1940 and probably to at least 75% 
at present. Some concern has been ex- 


pressed lest too great emphasi 

placed upon advanced degrees ¥ 
larly the doctorate, as a prerequisit, { 
faculty advancement or appointment 
the higher grades. But since the , 

ers of engineering graduates e\ 
increasing desire for a greater proporti 
who have a post-graduate degree, and ) 
an attractive differential for them. } 
essential that the instructors be qua 
to prepare such graduates. More impo: 
tant than this, however, is the constan 
increasing scope and breadth of eng 
ing which requires the members of a eom 
petent faculty to have intellectual and s 
entifie attainments of which possession of 
an advanced degree provides at least som: 
assurance. 

Many professional members of facultie 
are engaged for a part of the vear eith 
in actual practice of their profession | 
in research in one of its specialties, 
both. The great increase in numbe: 
faculty engaged in research is mentio. 
elsewhere, and most engineering colleges 
today encourage both outside practice 
research in moderation. Moreover, { 
is a constant infiltration of engineers fr 
industry and government into the facu 
ties, a procedure having much to commer 
it, but increasingly difficult under current 
conditions of higher salaries in practic 
The reverse practice of industry's enticing 
promising young faculty members 
from engineering colleges by higher 
ries is a problem familiar to all ot 
Some attention is being given to exchang: 
arrangements with industry, whereby e: 
gineers in industry and in engineering | 
lege faculties will be given concurrent 
leaves of absence for a year to fill excl 
other’s places. Arrangements of this sort, 
if widely adopted, may do much to broader 
engineering teaching and be equally ben 
ficial to the cooperating employer. 

The character of the man, the compost 
of his personality, his professional achieve 
ments, his eonecern about students an 
about engineering, his philosophy of lie, 
all are important elements in selecting 4 
teacher. The securing of the right kind of | 
teachers has always been a major problem | 
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in engineering education, and it remains 


so today. 


Graduate Study 

Prior to 1890 there were only six in- 
stitutions which had conferred advanced 
degrees in engineering. Only three earned 
doctorates had been conferred at the end 
of 1896. It was not until the 
decade of the present century that any 
substantial number of graduate students 
were enrolled or post-graduate degrees 
conferred. Since then the aeclerated im- 
pact of science upon engineering and tech 
nology has ereated an ever increasing need 


second 


for engineering graduates who have been 
edueated in specialties beyond the extent 
possible in a four-year undergraduate pro 
cram. By 1921 some 40 engineering col- 
lezes were offering graduate work, 368 
eraduate students were enrolled, and 178 
post-graduate degrees were awarded. 
However, some of these were 
awarded by institutes of technology and 
were in such fields as chemistry, biology, 
geology, ete. The first differentiating sta- 
tistics appear in 1934, when graduate reg- 
totalled about 2800 and 
craduate degrees awarded numbered 
nearly 1200. 

Prior to the outbreak of World War II, 
graduate registration in 1939-40 had in- 
creased to 4582 enrolled for the Master's 
degree (1318 degrees awarded) and 624 
for the Doctor’s degree (108 degrees 
awarded). The phenomenal developments 
in the applications of science which took 
place during the war years created a 
marked inereaSe in the demand for engi 
neers with post-graduate education. The 
engineering colleges were quick to re- 
spond, too quick upon the part of some 
institutions not adequately equipped in 
faculty or facilities. Enrollment for the 
Master’s degree in 1951-52 was 16,452 
(5134 degrees awarded) and 2875 for the 
Doctor’s degree (586 degrees awarded). 
It is interesting to note that with a de- 
clining enrollment in undergraduate cur- 
ricula for each year since 1947, there has 
each year been an increase in graduate 
enrollment. 


degrees 


istration post 
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An interesting comparison may be drawn 
between evening work on the undergradu 
ate levels. About 10% of the total num 
ber of undergraduate students are en 
rolled in evening programs, whereas 10,000 
(52%) of the 19,300 graduate students 
are enrolled in programs or courses given 
in the evening. At 
have enrollments of 
students in evening courses. 


least 23 institutions 
over 100 graduate 
Nearly all ot 
these are in industrial centers. The mag 
nitude of these evening graduate programs 
is an indication of the extent to which en 
gineering colleges have met the demand 
by employed engineers for further educa 
tion. The evening courses are in some in 
stances given in cooperation with industry 
(as in the Westinghouse program) and in 
many instances the employer subsidizes all 
or part of the cost of the employee’s edu 
cation. Also many students who did not 
exhaust their veterans’ benefits are using 
this means of aequiring 
education while employed. 


post-graduate 


Research 

Research as performed in engineering 
colleges may be broadly defined in two 
categories, (a) that undertaken by faculty 
members and graduate students to advance 
knowledge and supported by institutional 
resources or by grants from foundations, 
and (b) that sponsored by government 
private industry. Prior to 
World War II the major research actiy 
ities of the privately-endowed institutions 
were predominately in class (a), and class 
(b) sponsored research was performed 
chiefly in the land grant colleges through 
their engineering experiment stations. 

Before 1940 research was recognized as 
contributing significantly to education in 
attracting scientifically minded men to the 
faculties, in the stimulus it gave to in 
struction, and as a necessary element in 
post-graduate education. However, nearly 
every report of groups investigating en- 
gineering education from time to time de- 
plored the meagerness of research activ- 
ities at all except a few of the larger or 
more enlightened institutions. Beginning 
about 1940 in a few institutions peculiarly 


agencies or 
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adapted for research in special applica- 
tions of science to the war effort, the sup- 
port of research by federal government 
agencies has reached large proportions 
and is distributed among a good many en- 
gineering colleges. Nearly all are seeking 
more. 

The contributions of the engineering 
colleges to the applications of science to 
new developments and processes have been 
tremendous during the past decade. A 
great service has been rendered the nation, 
and many institutions, faculty members 
and students have benefited in various 
ways. No longer may it be said that engi- 
neering colleges are not sufficiently alert 
to research. But the availability of such 
great amounts of federal funds for spon- 
sored research has brought its problems to 
the colleges, problems of some magnitude 
and not yet resolved. Among them are 


dangers from the preoccupation of some 
faculty with research projects to the de- 
triment of good teaching; the assignment 
of good teachers to research projects for 


all or a significant portion of their time; 
and the restriction of federally-supported 
research programs to those of interest to 
a given agency, to the detriment of prose- 
cution of more basie or fundamental re- 
search on which faculty members might 
prefer to be engaged. 

From what has been said above, the 
question will at once be asked: What has 
industry done to encourage research in the 
engineering colleges, one of whose major 
functions is to supply industry with well- 
educated personnel? Unfortunately, and 
somewhat illogically the answer is: an in- 
significant amount when measured by its 
reliance upon engineering education for 
its present existence and its future per- 
formance. 

The leaders of industry have naturally 
and properly been alert to decry the tend- 
encies toward a socialistic or paternalistic 
state, and argue for more reliannce upon 
the “free enterprise” concepts of our orig- 
inal democracy. Yet, although engineer- 
ing provides both the intellectual and 
physical basis of industrial design, pro- 
duction, and management, the support of 
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engineering education through wise poli 
cies of assistance without attempts t 
trol, has been stranngely lacking 0; 
part of a considerable segment 0! 
business community other wise notah), 
its prescience. 

Industrialists have been frank, 
ten indiscriminating if not ignorant epitic. 
of engineering education. They have 
prompt to support measures to ensy) 
their continued supply of engineer 
graduates (as within the present fra 
work of the Engineering Manpower Con 
mission), but they have conjured up every 
conceivable argument and legal device 
to excuse them from any considerable sup 
port of the educational institutions upo 
whose graduates their future is based. 
research, which might be supposed to rep 
resent an area of support which woul 
offer a quid pro quo, their contributions 
on the whole have been relatively smal} in 
amount and not administered according to 
any broad policy. To be sure some ir 
dustries have made fairly 
grants for research usually in some de 
velopmental field of direct 
them, but the support of basic researc) 
in engineering has been extremely meager 
considering the vast industrial interests 
involved. The support of graduate fel 
lowships by industry has been somewhat 
better, and a real achievement has taker 
place in the past few years with the estab 
lishment of a number of quite generous 
fellowships by a few large industries with 
no strings attached. Doubtless the situa 
tion is not entirely the fault of industry, 
and there is need for Engineering Educa 
tion to do more to convince industry that 
its support of research is warranted 01 
a much larger seale than has heen ex 
perienced heretofore. 

Out of the present situation there will 
undoubtedly emerge more rational and yet 
adequate policies and procedures which 
will enable the engineering colleges to giv’ 
to research its proper place in a broad 
program for engineering education whiel 
it is their chief concern to formulate and 
continuously to improve. 


COr 


substantial 


interest t 
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Auciliary Educational Services 


The major obligation of engineering 
education is to develop graduates who are 
competent to practice and to lead in the 
profession. However, from time to time 
engineering educators are called upon in 
the interest of the publie welfare or safety 
to render educational services auxiliary to 
professional education. For many years 
engineering colleges, particularly those 
supported by publie funds, have operated 
courses of relatively short duration for 
the training of sub-professional personnel. 
The “short schools” for water works oper- 
ators, highway personnel, power plant op- 
erators, and the like have rendered and 
continue to render a distinct public serv- 


“During the first World War the engi- 
neering colleges of the country were re- 
sponsible for a major portion of the voca- 
tional training programs of the U. S. 
Army, which was almost entirely con- 
erned with the training of mechanics, and 
gave practically no attention to training 


n the engineering level.”* Except in 
relatively cireumscribed areas, continued 
production of professional engineering 
personnel was not regarded as an essential 
element in winning the war, and the engi- 
neering colleges were thus allocated a pro- 
gram of sub-professional character which 
they performed with versatility and en- 
thusiasm. 

Perhaps the greatest contribution of en- 
gineering colleges as a group to the prose- 
eution of World War II was the Engi- 
neering, Seience, and Management War 
Training program under the auspices of 
the U. S. Office of Education. “More than 
1.5 million men and women received spe- 
ial training during the period October 9, 
1940 to June 30, 1945 in short intensive 
college level courses designed to prepare 
for technical and scientific work in war 
industries. . . . The Federal Government 
expended nearly 60 million dollars to 
cover the actual costs ineurred.”* This 


*“*Engineering Science and Management 
War Training,’’ Bulletin 9, 1946, U. S. Office 
f Edueation. 
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program was conceived, organized, ad- 
ministered and operated by the engineer- 
ing colleges of the United States. 

Two sentences will suffice to deseribe the 
ASTP (Army Specialized Training Pro- 
gram) of the latter part of the World 
War II period. It was conceived by the 
War Department, a fantastic substitute 
for collegiate education dreamed up by the 
military and “professional educators” (not 
engineering) and designed primarily to 
produce badly needed engineers for the 
armed services with some specialists in 
linguistics and other areas in an ab- 
breviated curriculum. It was a dismal 
failure from the standpoint of engineering 
education in which the engineering col 
leges participated reluctantly both as a 
national duty and as a substantial alterna 
tive to educational oblivion. 

Certainly one of the great achievements 
of engineering education in this country 
has been its freedom from any dogmatism 
that its obligations were fixed toward any 
narrow professional objective. It has con 
tinuously demonstrated an adaptability to 
serve as national needs or military dicta 
required in times of emergeney, and to 
guide and help in many areas auxiliary to 
its major purpose in times of peace. 


Relation to the Engineering Societies 

It may be stated unequivocally that en- 
gineering education enjoys a relationship 
to the engineering societies unique in the 
annals of professional education. No 
other profession has any organization of 
its educational members comparable to 
the American Society for Engineering 
Education. No other profession has an 
association of professional societies de- 
voted to educational and related activities 
comparabie to Engineers’ Couneil for Pro 
fessional Development. It is not surpris 
ing therefore that engineering edueation 
in the truly professional sense has de- 
veloped rapidly since 1893 when the pred- 
ecessor of the ASEE was established, and 
that the impact of the profession itself 
upon the education of its practitioners 
stems from the establishment of ECPD in 
1932. No system of professional eduea- 
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tion could remain statie or complacent 
when subjected to the constant serutiny of 
the committees and divisions of its own 
members supplemented by continuing ap- 
praisals and criticisms from a group rep- 
resenting the major professional societies 
and the licensing boards of the several 
states. 


The American Society for Engineering 

Education 

The Society for the Promotion of Engi- 
neering Education was organized at the 
Congress of Engineers held in connection 
with the great World Columbian Exposi- 
tion in Chicago in 1893. Engineering Edu- 
cation was Division E of the Congress. 
Professor Ira O. Baker of the University 
of Illinois was chairman, and Professor C. 
Frank Allen of the Massachusetts Insti- 
tute of Technology was secretary. Both 
were members of the American Society of 
Civil Engineers, and Professor Allen in 
rendering his secretarial report stated 


“that a society had been organized by the 


members of the Division for the promo- 
tion of engineering education.” Thus one 
may say that the Society whose centennial 
we are now observing in a sense fathered 
the Society for the Promotion of Engi- 
neering Education. Weight is lent to this 
by the fact that two of the first three and 
fourteen of the first twenty five presidents 
of the Society were members of the Amer- 
ican Society of Civil Engineers. 

The Society for the Promotion of Engi- 
neering Edueation began with 70 mem- 
bers, which has now (1952) inereased to 
over 7000. It early started studies of 
various facets of engineering edueation, 
and initiated in 1907 a practice followed 
from time to time ever since, a request for 
the professional engineering societies to 
collaborate in its major investigations. In 
that. year it invited the societies of the 
Civil, Mining, Mechanical, Electrical and 
Chemical Engineers to join it in forming 
a Joint Committee on Engineering Educa- 
tion,® to explore all of the aspects of the 

8 The member societies of this Committee 
now constitute (with the National Council of 
State Boards of Engineering Examiners, and 
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subject. The Committee was organiy, 
and the American Society of Ciyi| 
neers in 1908 made an appropriation for 
its operation, the first recorded grant fyoy 
an engineering society for an investicatio; 
of engineering education. However, th; 
Committee still lacked adequate funds fo) 
its investigation. In 1916, the Chairme; 
of the Committee, Desmond Fitzgera}i, 
who was President of the American 
ciety of Civil Engineers, reported tha: 
“after we (ASCE) had spent all our spay, 
cash in carrying on the work of this Con 
mittee, we naturally turned our eves to thy 
Carnegie Foundation.” ® The Carneg 
Foundation undertook the task, and jy 
1918 issued a report by C. R. Mann en 
titled “A Study of Engineering Eduea 
tion.” e 

This report was the first of a number of 
significant studies and investigations int 
the general field of engineering education 
sponsored jointly in one way or another 
by the Society for the Promotion ot 
neering Education (or its suecessor) and 
the professional engineering societies. 

The Society was reorganized in 1946 t 
provide for more effective administratior 
and better recognition of the several ele 
ments in engineering education; viz. th 


tees and Divisions, the geographical se: 
tions, administration, and research. The 
name was changed to the American So 
ciety for Engineering Education. The So 
ciety has individual membership and als: 
associate membership for organizations 
having a major interest in engineering, 
such as industries, research institutes, and 
the like. It has always had, as active mem 
bers, many who were prominent in prac 
tice, such as presidents, chief engineers, 
and personnel managers of industry 
This has provided important stimuli fo 
many activities, and has introduced aii im 
portant element of consideration of pra 


the Engineering Institute of Canada) the 
Engineers’ Council for Professional Develo} 
ment. 

® Proceedings, Society for the Promotio) 
Volume XXI\ 


_ 


of Engineering Education, 
1916, p. 46. 
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‘ical and present needs into its many 
achievements. The Society has active Di- 
visions constantly concerned with improve- 
ments in instruction in the several cur- 
ricula and the major supporting sciences 
and non-technical subjects. It has vari- 
ous special committees which have from 
time to time issued notable reports which 
have had a profound influence upon engi 
neering education. The best known, most 
exhaustive and most influential of these 
was the “Investigation of Engineering 
Education,” a monumental study extend- 
ing over ten years (1923-34) financed by 
the Carnegie Corporation, the Engineer 
ing Societies, and certain industries. It 
still forms the platform from which later 
studies have taken off. 

The American Society for Engineering 
Education is an extraordinary phenome- 
non in professional education. There is 
nothing approaching it as related to the 
other professions. Its achievements and 
the constant pre-occupation of hundreds 
of its members with major facets of engi- 


neering education are too little appreci- 
ated by the profession which it serves. Its 
annual meetings are attended by upwards 
of 1000 of its members, where they dis- 
cuss reports of committees, and papers 
dealing with new educational ideas or pro- 


cedures. An enumeration of the names of 
a few of its Divisions and Committees is 
illustrative of its concern with current 
problems. In addition to the Divisions 
dealing with all major curricula and sup- 
porting courses, there are Divisions of Re- 
lations with Industry, Graduate Studies, 
Technical Institutes, ete. Its major com- 
mittees inelude Selection and Guidance, 
Research, Atomie Energy Education, 
Young Engineering Teachers, and Im- 
provement of Teaching. Its Manpower 
Committee was the progenitor of the Man 
power Commission of Engineers Joint 
Council. Reference will be made later to 
anew Committee on Evaluation of Engi- 
neering Education. 

The publications of the Society have a 
world wide distribution, and are regarded 
as authoritative sources of historical back- 
ground, current practice, and statistical 
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data. They have had a substantial influ- 
ence upon engineering education in this 
and other countries. 


Engineers’ Council for Professional 

Development 

As the engineering became 
larger in numbers, as an increasing pro- 
portion of its members were college gradu- 
ates (from perhaps 259% in 1852 to 85% 
in 1952), as the engineering societies grew 
in numbers and influence, a professional 
consciousness developed which in 1932 
produced a need for Engineers’ Council 
for Professional Development. The six 
societies which participated in the Joint 
Committee on Engineering Education in 
1907 (ASCE, AIME, ASME, AIEE, 
AIChE, and ASEE) initiated steps to 
form the Council and invited the Engi- 
neering Institute of Canada (EIC) and 
the National Council of State Boards ot 
Engineering Examiners (NCSBEE) to 
participate. 

The ECPD is a conference body com- 
missioned “to promote efforts toward 
higher professional standards of education 
and practice, greater solidarity of the pro- 
fession, and greater effectiveness in deal- 
ing with technical, social, and economic 
problems.” ?° It will be noted that engi- 
neering education regarded as of 
prime importance, and it has continued to 
be one of the major concerns of ECPD. 
This concern has been implemented by the 
activities of two standing committees over 
the past twenty years, those on Education 
and on Guidance. The Committee on Edu- 
eation (originally the Committee on Engi- 
neering Schools) has dealt with accredita- 
tion of engineering curricula; that on 
Guidance (formerly Student Selection and 
Guidance) with information on engineer- 
ing as a 
school students, and with the determina- 
tion of aptitudes for engineering study in 
the development of testing procedures. 
More recently a new and important com- 
mittee has been established, that on Ade- 


profession 


was 


sareer supplied to secondary 


10 ** ECPD—A Challenge.’’ Booklet issued 
in 1947 by ECPD. 
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quacy and Standards of Engineering Edu- in attainments required by the enc, 


fa: 


cation. and the enlarging diversity of his emp = 
{ ditati ment have raised anew some old p) 2 
‘ 
See and have created new challeny 
ee . , : agit to 
Engineering Colleges. By 1932 over resume of the basic principles he: : 
135 institutions of higher education were applied to the accrediting proc = 
offering degree curricula in engineering. order. a 
It had become obvious that marked differ- sie , = 
: : 1. Only specifie curricula, not insti: ar 
ences occurred in educational standards, tions, are accredited 
; “ accredited. , 
the strength and breadth of curricula, the gga # 
Poke 4 . . Inspection with a view toward go ri 
qualifications of faculties, and the ade- var . = 
; se : creditation is made only upon the in 
quacy of facilities. Some process of de- See , ea. " 
ee ‘ Fae invitation of an institution. th 
termining the composite of these criteria 
eal se . The purpose of accreditation js + tic 
as a basis for recognition of the graduate : é eae : ! 
soe identify those institutions which off of 
as acceptable for membership in the pro- . : : 
: kip Si? professional curricula in engineering wi 
fessional societies and for admission to ‘ ; a 
i aia 5s worthy of recognition as such, a; ne 
state license examinations was obviously in 
: ; Ais shall apply only to curricula leading in 
needed. The growth of state licensing ss alien : © 6 
laws was beginning to develop a danger See en : , 
a . Only undergraduate curricula hay 
that separate accrediting procedures would 
2 : ; 7 thus far been accredited. al 
be set up in each state, with resulting dif- ce . 
: : ba Accreditation is based upon bot! th 
ferences in standards and practices and very: We 
: pat qualitative and quantitive criteria, si¢ 
general confusion. Hence ECPD created #9 te : 
= : : ; but no “standards” have been formu nl 
the Committee on Engineering Schools . : 
é : eT re lated or applied. Accreditation is Je 
(now the Committee on Edueation) to 
: : based largely upon the over-al! judg ye 
represent the entire profession and the ; ae ' : 
: : : ; : ment of a qualified inspection ta 
state licensing boards. This was a formi- : : ; 
é ee mittee, which applies general criteria re 
dable and delicate task. Hence a distin- . . 
: : listed in each annual report of ne 
guished committee was appointed under ECPD a 
° ° > ° r 4 ° Tt 
the chairmanship of President Karl Comp- 
ton of the Massachusetts Institute of Tech- The original intention of ECPD was | i 
nology and members representing the par- recognize for accreditation only the six th 
ticipating societies of ECPD. The Com- major curricula, but as mentioned previ th 
. > . . . 4 “a . » . . od 
mittee spent four years in making its ously the proliferation of engineering s P 
initial studies, and published the first gen- _cieties was paralleled by a proliferation o 
eral list of accredited curricula in 1937. of engineering curricula. Pressures fron II 
Of 626 curricula inspected in 129 institu- the engineering colleges and from seg th 
tions visited, 374 were accredited for a ments of the profession itself forced tli ae 
° . ° = . ee ° " . 6 
limited time and 71 accredited provision- Committee on Education to recognize : be 
ally in 107 institutions. Action was de- ditional curricula. The first list o! 
ferred on 8, and 173 were not accredited. credited eurricula (for the New Englan Ki 
The Committee has continued its activities, and Middle Atlantic states only) pub ee 
and as of 1951 680 curricula are aceredited _ lished in 1936 expressed the principle that Th 
fully or provisionally in 148 institutions. “ECPD will recognize the six major ew te 
There is not space to describe in detail rieula (chemical, civil, electrical, mechar & 
all of the policies and procedures affecting _eal, metallurgical and mining engineering fo 
accreditation, but the operations of the represented in its own organization, «) - 
committee represent some major achieve- such other curricula as are warranted by - 
ments in engineering education. There- the educational and industrial conditions a 
fore, since the accrediting process has pro- pertaining to them.” This left the door " 
found implications upon the progress of | wide open, and in the very first re “ 


engineering, and since the rapid increase ferred to above fourteen curricula ar me 
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ognized, thirteen of which (the largest 
»¢ anv institution) were offered at MIT. 
Since then proliferation has continued 
to be resisted by ensuing ECPD commit- 
tees, but it has been a losing battle. The 
latest (1951) ECPD report lists 20 dif- 
ferent accredited eurricula. Applications 
are pending from various engineering col- 
leves for recognition of some 15 new cur- 
ricula, ranging from coal mining engineer- 
ing to fire protection engineering. All 
that is needed is a curriculum in combus- 
tion engineering and we will have a trinity 
of engineering specialists, one of which 
will procure the fuel (coal mining), the 
next will burn it (combustion engineer- 
ing), and the third will put out the fire 
fire protection engineering) ! 

Technical Institutes. The provision of 
appropriate education for those who serve 
the engineering profession in sub-protes- 
sional capacities, as engineering aids, tech- 
nicians, and the like, has long been a sub- 
ject of discussion. ASEE reports twenty 
years ago called attention to the impor- 
tance of such education, and urged the 
recognition of technic institutes for their 
necessary and avowed purposes, lest many 
more be tempted to follow the example of 
some, and metamorphose themselves into 
weak engineering schools. Recognizing 
the importance of technical institutes in 
the general scheme of technical edueation, 
a Division of Technical Institutes was 
established in ASEE after World War 
II. In 1945 ECPD undertook to extend 
the acerediting process to technical insti- 
tutes which offered two year terminal post- 
high school programs. 

A subcommittee of the Committee on 
Education of ECPD administers the 
accreditation of Technical Institutes. 
Twenty-three are now (1951-52) aecered- 
ited. The acereditation process is based to 
a degree upon the criteria described above 
for engineering colleges, with due allow- 
ance for the different type of curricula 
and objectives. Technical Institutes have 
come of age. The guidance provided them 
and the recognition accorded them repre- 
sent an important achievement by engi- 
neering during the past decade. 


at 
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Yet the role of the technical institute is 
not yet what it should be in the overall 
concept of education for engineering and 
its related technology. The situation is 


well expressed in a personal communica- 
tion to the writer of this paper by Dr. H. 
P. Hammond, who guided the Technical 
Institute accreditation policies of ECPD 
through the first five years. 


He states: 


‘*T think it is significant and important to 
point out that the number of technical in- 
stitutes is inversely in proportion to the num- 
ber of engineering colleges as the need for 
them exists in this country. Broadly speak 
ing, and with exceptions, they are inadequate 
also in quality to produce the sub-profes- 
sional technically trained personnel needed 
by industry and government. The result is 
that the engineering colleges are forced to 
carry a load of what is actually subprofes- 
sional training for poorly qualified students 
who will never become genuine professional 
engineers. And many colleges are perfectly 
willing to do it. This is one of the greatest 
sources of low standards of accreditation. 
It is the reason I advocated the establish- 
ment of the subcommittee on technical in- 
stitutes and this had some benefits, I think, 
but it has not accomplished what I hoped it 
might and it never will unless industry, the 
profession itself, and the colleges get a new 
conception of engineering as a professional 
pursuit and of technical institutes as the ap- 
propriate source of subprofessional tech 
nicians.’? 


Guidance 


The selection of qualified students for 
admission to engineering colleges has been 
a matter of study and experiment ever 
since the Mann Report of 1918 called at- 
tention to the promising tests developed 
by Thorndike and by Thurstone. Subse- 
quently the ECPD has collaborated with 
ASEE and many engineering colleges in 
the development and application of vari 
ous testing programs. The most ambitious 
was the Measurement and Guidance Proj- 
ect in Engineering Education operated 
from 1943 to 1948. Substantial financial 
support was furnished by the Carnegie 
Foundation. The project was absorbed 
into the Educational Testing Service when 
that was created in 1948 to merge a num- 
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ber of testing programs. Many engineer- 
ing colleges have used many testing de- 
vices to attempt to select better their 
entering students, and to predict their 
subsequent performance in engineering. 
Nearly all have been modified, and experi- 
mentation continues. This fact of engi- 
neering education contains many unre- 
solved and debatable problems. 


Adequacy and Standards 

From time to time as engineering ex- 
panded as a profession, as it felt the im- 
pact of new scientific knowledge, as its 
graduates were catapulted into fields 
where applied science or other profes- 
sional disciplines required both the spe- 
cialized knowledge and skill of the engi- 
neer, recurring controversies have arisen 
as to (1) the content of the engineering 
curriculum, (2) its objectives, and (3) its 
length. Another such period of inquiry 
and decisions is upon us. ECPD recog- 
nized this by the creation in 1950 of a 
Committee on Adequacy and Standards. 
Its first report was published in 1951. 
This report called attention to the wide 
variation in the quality of engineering cur- 
ricula, even though they met the minimum 
standards imposed by the accrediting pro- 
cedure. It pointed out the need for more 
adequate knowledge of the fundamental 
sciences, the different methods in use for 
relating this knowledge to engineering 
education, and the basie premise that the 
“Differentiating characteristic of the engi- 
neering function is the ability to utilize 
the sciences for the creative process of de- 
sign and development of useful apparatus, 
structures, or other works... .” The Com- 
mittee suggested a reappraisal of engi- 
neering education which is now under 
way. 


Conclusion 


The foregoing account of some of the 
major achievements in engineering educa- 
tion during the past century had perforce 
to omit many significant developments, ex- 
periments, and related topies. It should 
be clear that progress in engineering edu- 
cation has been substantial, and that the 


achievements are significant and 
ous. But it is equally obvious that sey; 
problems still confront us, of whi} 
riculum content, proliferation of curriey 
length of the undergraduate eurricy 
post-graduate education, and selec 
guidance are among the more inmyor 
The ASEE and ECPD have recog 
the challenge, and there was estab|is 
by ASEE in June 1952 a Coordina: 


ing Education. The results of this i: 
will undoubtedly mark an important mi 
stone in the future of professional edy 
tion in engineering. 

The major objectives of this important 
study will doubtless be described i: 
last papers of today’s program. Sufii« 
it to say here that the continued alertness 
of engineering educators and the engineer: 
ing societies to meet the ever-expanding 
requirements of sound and adequate edu 
cation for the engineering profession | 
been productive of substantial achiev 
ments. But this very alertness and th 
lack of complacency which has happily 
characterized these groups, especially du 
ing the past half century, have created an 
awareness that the time is at for 
some serious soul searching to insure equ: 
achievements for the future. There is « 
ferment at work which has had as its firs! 
product the initiation of the evaluation 
process just mentioned. 

The real measure of the accomplis! 
ments in engineering education is in th 
contributions of its product to the protes 
sion of engineering. The recognition ac 
corded that profession; the almost fan 
tastie progress in industrial development 
and production conceived and managed }) 
engineers; the great structures designed 
and built by them for the comfort, con 
venience and health of our people; the 1 
creased number of great public and pri 
vate enterprises directed by engineers, 
have been contemporary with the improve 
ments in engineering education. Indeed 
achievements in engineering education, re- 
sulting in an ever more competent protes- 
sion, has in no small measure been respon 
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sble for the economic and social progress 

f this country. Engineering is a peculiar 
rofesion. It ranges over a broader and 
‘ar more diverse spectrum of future em- 
sloyment than any other profession. This 
nakes the professional education of its 
‘yture members an unusually complex and 
iifficult matter. 

It is believed that the important conelu- 
ons from any objective appraisal of en- 
vineering education over the past century 

I] indicate that its achievements have 
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been real and significant; the changing re 
quirements of the profession have been 
anticipated and met; those engaged in en 
gineering education have been alert to 
needs required by circumstance and sci- 
ence, and finally, that as in any forward 
moving profession, problems of change 
and adjustment are clamoring for solution 
in the new period of transition before us 
These will be solved by the collaboration 
of all elements of the profession as othe 
problems have been resolved in the past. 
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The Technical Institute: Its Relation to Engi- 
neering Education and Trade Training* 


By C. W. BEESE 


Dean, Division of Technical Extension, Purdue University 


Periodically and with increasing fre- 
quency the Technical Institute type of 
education under one name or another 
comes to the fore as a topic of diseus- 
sion. It is my plan to give some of the 
background of the Technical Institute in 
its current form and acceptance, to dis- 
cuss the Technical] Institute as we find it 
and try to evaluate some of the influences 
and trends that may give us a clue as 
to where this particular type of eduea- 
tion is going. 


Nature of the Technical Institute 


There seems to be a more general agree- 
ment on the major elements in a deserip- 
tion of the Technical Institute than there 
is at the moment on terms commonly 
used for this type of education. A 1931 
report of the Society for Promotion of 
Engineering Education entitled “A Study 
of Technical Institutes” strongly advo- 
cates the use of this term. The influence 
of this report at least within engineering 
education and engineering has been a 
tremendous one. When the Engineers 
Council for Professional Development set 
up an accrediting committee and pro- 
cedures for Technical Institutes, much ot 
the Technical Institute concept detailed 
in the 1931 report carried over to the 
accrediting procedure. 

The Engineers Council for Professional 
Development publishes in its annual re- 
port a detailed statement or definition of 
the type of curricula included within its 
accrediting procedure. Because this state- 


* Presented at the Centennial of Engineer- 
ing, September 4, 1952, Chicago, III. 
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ment is so important to engineering a, 
engineering education it is quoted con 
pletely as follows: 


“Curricula to be considered are techy 
logical in nature and lie in the post-hig! 
school area. They differ in content ay 
purpose from those of the vocationa 
school on one hand and from those of 
the engineering college on the othe: 
Curricula in this field are offered by , 
variety of institutions and cover a ¢o: 
siderable range as to duration and conten! 
of subject matter, but have in commo 
the following purposes and character 
istics : 


1. “The purpose is to prepare ind 
viduals for various technical posi 
tions or lines of activity enco: 
passed within the field of enginee: 


ing, but the scope of the programs 


is more limited than that required 


to prepare a person for a career as 


a professional engineer. 
. “Programs of instruction are essen 


to 


tially technological in nature, based 


upon principles of science and i! 
clude sufficient post-secondary scho: 
mathematics to provide the tools t 
accomplish the technical objectives 
of the curricula. 


3. “Emphasis is placed upon the use 


of rational processes in the principa 
fundamental portions of the cur 
ricula that fulfill the stated obje 
tives and purposes. 

4. “Programs of instruction are briete! 
and usually more completely techn 
eal in content than professional eu! 
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ricula, though they are concerned 
with the same general fields of 
industry and engineering. They do 
not lead to the baccalaureate degree 
in engineering. Such designations 
as Engineering Aide, Technical Aide, 
Associate in Engineering, and Engi 
neering Associate are appropriate 
designations to be conferred upon 
the graduates of programs of tech- 
nical institute type. 
. “Training for artisanship is not in- 
cluded within the scope of education 
of technical institute type.” 


The ancestry of many points in the 
above policy can be recognized in the 
SPEE report. In addition the Office of 
Education Bulletin No. 228 entitled “Vo 
cational Technical Training for Indus- 
trial Occupations” presents a non-engi- 
neering description of the Technical In- 
stitute type of program. 

The Technical Institute program lies 
in an easily recognized area between vo 
cational training on the one hand and 
professional engineering on the other. 
At the same time it is difficult to define 
specifie limits which automatically elassify 
a program in one area or the other. The 
Technical Institute programs are essen 
tially voeational. So too are engineering 
and other professional programs which 
are essentially vocational in their ulti- 
mate objective. 

An outstanding characteristie of the 
translation of the major objectives of 
the Technical Institute training programs 
is the freedom which educational insti- 
tutions have exercised in developing 
currieula and operating procedures. Tech- 
nical Institute programs are characterized 
by the strong influence of the objectives 
for which they are designed. These pro- 
grams differ one from another in length 
of training period, the proportion of tech 
nical work, and the types of instruction 
that are used. 

Admission requirements, at least for 
that group of Technical Institutes ac- 
crediting by ECPD, are not too different 
‘rom those for four year engineering cur- 
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ricula. Perhaps less stress is laid upon 
formal high school education through a 
recognition that maturity and experience 
may substitute for high school gradua 
tion. 

Technical Institute programs are geared 
to meet the needs of both full time and 
part time pre-employment training. Spe 
cifie groups of courses to meet training 
needs of persons employed in industry 
are commonly offered as part time evening 
programs. 

The Technical Institute is commonly de 
seribed as a terminal program. In this 
sense it means that the graduate is 
trained for immediate employment in a 
relatively restricted activity. It certainly 
does not mean that the Technical Insti 
tute graduate is disqualified from con- 
tinuing his education into the areas of 
professional engineering. Many have 
done so successfully. 

The distinction between the Technical 
Institute program and one of vocational 
training of less than college grade is 
more readily discernible. The Technical 
Institute training pays little attention to 
training in skills. Rather it emphasizes 
the “why” through adequate study of 
college level mathematics, chemistry, and 
physies. The latter technical 
familiarize the student with the applica- 
tions in industry of these fundamental 
sciences. 

It is becoming easier to recognize the 
desirable resources of a teacher of tech- 
nical subjects within a Technical Insti- 
tute curriculum allied to engineering. In 
addition to an adequate scientific and 
professional background the teacher in 
the Technical Institute must rely upon 
knowledge gained in practical industrial 
experience and the application of his 
technical “know how” to the needs of in- 
dustry. The Technical Institute teacher 
frequently enrolls in his classes many 
persons who are currently employed and 
whose job experience is considerable. An 
important aspect of the teacher is his 
ability to deal with adults in a way that 
will command mutual respect in the class- 
room. 


courses 
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Historical Development 


The first Technical Institutes in the 
United States were organized about 125 
years ago with somewhat the same ob- 
jectives though vastly different curricula 
than we find today. The early needs for 
technical training arose from the situa- 
tions in a pioneer country with expand- 
ing agriculture and industry. Another 
instance of the trend toward “practical” 
training is in the enactment of the Morrill 
Land Grant Act about ninety years ago. 

It was logical that the colleges should 
undertake the development of technical 
training. They had existed for a long 
time, had developed a heritage of pres- 
tige, and had the advantage of granting 
degrees to label their graduates. 

Many early Technical Institutes have 
had long and proud careers. On the other 
hand a considerable group of schools that 
started as Technical Institutes abandoned 
their objectives to become conventional 
four year engineering colleges. Questions 
of prestige of the degree, the nomen- 
clature of a college, and the pressure of 
alumni seem to overbalance the advan- 
tages of the struggle for a successful 
Technical Institute. 

The Engineering Science Management 
War Training Programs sponsored by the 
United States Office of Education during 
World War II were essentially a Tech- 
nical Institute type of training. Many 
engineering schools introduced programs 
through the ESMWT procedures and fi- 
nancial support and retained them as 
post-war Technical Institute curricula. 


Present Status of Technical Institute 
Instruction 


The needs for increasing technical edu- 
eation have developed Technical Insti- 
tute curricula in schools with varied back- 
grounds. The annual survey prepared by 
Professor Leo Smith of the Rochester In- 
stitute of Technology and published in the 
Technical Education News classifies Tech- 
nical Institutes in the following cate- 
gories and with the corresponding en- 
rollments for 1951-52. 


Maritime Academy and 
Schools 

State and Municipal Technica] | 
tutes 

Privately Endowed Technica! 
tutes 

Extension Divisions of College 
Universities 

Proprietary Technical Institute 

YMCA Schools 


Total 


The above enrollments do not recog 
nize the work done in the junior an 
community colleges in Technical Inst 
tute type of curricula. The junior 
community colleges are becoming increas 
ingly important factors in post secondary 
education especially in certain areas ot 
the far west and of the southwest. The 
community college must be reckoned with 
in forecasting the total contributions ot 
the Technical Institute type of training 

The ECPD accrediting program recog 
nizes only those curricula that lie in fields 
parallel to recognized curricula for en 
gineering instruction. 


Need for Technical Institute Training 


The current needs for personne! trained 
in a Technical Institute arise partly from 
the present shortage of engineers. More 
fundamentally they are the result of «4 
number of factors that exist in the tech 
nological age in which we are living. The 
United States census shows that an enor 
mous increase in the production of goods 
and services has been accomplished with 
out a substantial increase in the per 
centage of the population engaged in 
gainful employment. Simultaneously 
steadily growing proportion of young 
persons up to 24 years of age are nol 
engaged in gainful employment but are 
enrolled in schools or colleges. 

Production and services are requiring 
increasing percentages of skilled and 
semi-skilled employees. | Manutacturec 
products are becoming more complex, 1! 
dustrial establishments are larger, and the 
coordination of their various element 
more complicated. A knowledge 0! how 
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1) handle things is no longer sufficient 
shile knowing how to handle people and 
ideas is becoming relatively more im- 


portant. 
“Tt is now an accepted fact that for a 


period of years the engineering schools 
will be turning out far fewer engineers 
than are needed in industry. Coincidental 
with fewer graduations is a stepped up 
tempo of industrial production which in 
itself increases the demand for engineers. 
How many engineers can be absorbed by 
industry is problematical but surveys in- 
dicate that industrial needs are at least 
twice the number of available graduates. 

Most certainly some shortages can be 
alleviated if fully trained engineers are 
placed only on jobs that require an en- 
gineer’s training. It has been customary, 
probably for very good reasons, to use 
engineers through a training period on 
assignments which can be handled by per- 
sons with less theoretical training. It is 
here that the technician, however he may 
he called, ean best make his contribution 
toward increasing industrial productivity. 
Surveys from one source or another in- 
dicate that industry analyzes its own 
program and concludes that it can use 
from two to six Technical Institute gradu- 
ates for each graduate of a four vear 
program. 

Opportunities for technical treining 
strictly within industry are limited in 
most instances to the acquisition of spe- 
afe skills and knowledge. Industry is 
requiring, to an inereasing degree, that 
new employees shall report with fairly 
vell developed specialities backed up by 
basi¢ training in fundamentals that will 
increase the ultimate capacity of the em- 
ployee beyond what was formerly de- 
manded of him. 

These factors are general ones and exert 
their influence on other types of education 
than the Technical Institute. It is worth 
recognizing however that the increasing 
‘phasis on technical training, the short- 
age of engineers, and the trends in edu- 
aon are emphasizing the Technical In- 
‘itute. Those who plan Technieal Insti- 
l@ programs recognize that the needs 


of industry can be met only through a 
variety of offerings. 


Strengths of the Technical Institute 


Professional engineers through their 
societies and through their industrial em- 
ployers are exerting a strong influence on 
the determination of the Technical Insti 
tute program within fields allied to en 
gineering. The Engineers Couneil for 
Professional Development, representing 
the engineering professions, has through 
its accrediting committee set a pattern 
which requires a high standard of per 
formance. 

The Technical Institute 
portant element of strength in that it pre 
pares for specific employment assign 
ments with relatively short well integrated 
educational programs. They are varied 
in nature because they are specifically de- 
signed to meet industrial needs. They 
prepare young men adequately for their 
immediate needs and for their ultimate 
growth into jobs of increasing responsi- 
bility. 

Because Technical Institute 
are shorter they represent less investment 
in both time and money between high 
school graduation and employment in in- 
dustry. The cost of tuition is small as 
compared to the availability of young 
men for technical employment two or 
three years earlier than if they entered 
industry as graduate engineers. 

The ultimate success of the Technical 
Institute type of training lies in the in 
dividual success of the graduates. These 
young men enter industry with a training 
in fundamentals and their application to 
industrial situations which places them 
in a position of knowing “why” as well 
as knowing “how”. 


has an im 
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Looking Ahead 

Every industrial and educational sur 
vey dealing with the Technical Institute 
type of education points to the increasing 
need for its acceptance in industry, in 
education, and by the engineering profes- 
This definitely certain re- 
sponsibilities. 


sions. fixes 
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Additional institutions that can qualify 
through staff and experience in technical 
education have opportunities to broaden 
their resources through Technical Insti- 
tute curricula. By direct cooperation with 
industry it is possible to plan short ecur- 
ricula to meet the needs of the increased 
numbers of youth who are completing 
secondary schools and who must have 
further technical training before enter- 
ing industry. 

Technical Institute curricula should 
present a balance between training for 
technical competence and that which will 
enable graduates to deal effectively with 
people and ideas and to gain an apprecia- 
tion of social values and responsibilities. 
Such programs are neither competitive 
with nor antagnostic to existing vocational 
programs and professional engineering. 
Proper coordination of the Technical In- 
stitute program with other types of edu- 
cation increase the effectiveness of all of 
them. 

The higher institution which engages in 
Technical Institute training in addition 
to the more conventional degree training 
and research must realize that the Tech- 
nical Institute program is different in ob- 
jective and plan of operation but is not 
necessarily thereby higher or lower in 
educational values than either vocational 
or professional training. 

The engineering profession ably sup- 
ported by licensing requirements reserves 
for itself those levels of professional ac- 
tivity which require the peculiar type of 
training which the engineer receives in 
college. While the engineer seeks to mul- 
tiply his capacities for handling the high- 
est levels of professional competence he 
must be aware that he can increase his 
own productivity by assigning responsi- 
bilities for many technical assignments to 
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those with less training than a {y)) op. 
gineering curriculum. It is the respons. 
bility of the engineer therefore to oy; 
and direct the sub-professiona! 
training and the sub-professio; 
nician in order that the engineer 
increasingly useful in his profess 
pacity. 

Both the engineering profession and j; 
stitutions of higher learning jointly shay 
a responsibility to promote greater publ: 
and professional recognition of t! 
nical Institute type of education 

Industrial employers are still beset with 
the belief that the standard recognition 
a post high school training is a degre 
Much must be done by pioneers withi) 
industry to sell the idea that the Tech 
nical Institute graduate playes a usefy! 
and important role in industrial organiza 
tions. The graduate of the Technical In 
stitute needs recognition in his own right 
because his competence while differing 
from that of an engineer is as necessary 
and perhaps just as important. 


Summary 


There are many indications that tech 
nical training has arrived at a point wher 
the needs of industrial and other aspects 
of technological development can be mor 
nearly met through an increased empha 
sis on the Technical Institute typ: 
education. The movement has many el 
ments of strength. Well developed Tech 
nical Institutes of many different kinds 
are acquiring status in education, 
dustry and the engineering protessio! 
There are no basie problems which wi 
prevent the development of the Technica’ 
Institute movement. How fast the insti 
tute type of training will grow depends 
upon the acceptance of its potential cor 
tribution to our economic achievements 





The Engineer and the Scientist* 


By W. F. 


Gi. 


SWANN 


yr of the Bartol Research Foundation of the Franklin Institute and Senior Advisor 
for the Franklin Institute Laboratories for Research and Development 


In the company of those representatives 
* what man has achieved since the birth 
f civilization stand several hoary-headed 
patriarchs. There is painting, an old fel- 
ow so rich in years that even civilization 
itself does not cover the span of his life. 
Apart from a few bizarre distortions of 
his normal physiognomy representative of 
modern art, he seems very much as he 
was 500 years ago. There stands archi- 
tecture, who reached his zenith when most 
ff the modern world was peopled by be- 
ings not far removed from savages. There 
stands sculpture, at the peak of its per- 
fection two thousand years ago. There 
sands literature, grown to full maturity 
in the time of the Caesars. There stands 
music, younger, it is true, than its com- 
panions in art, but old enough to have 
aquired traditions stemming well into 
the past. 

And in this ancient and dignified eom- 
pany there stands a representative who 
s little more than a child in vears. He 
is indeed an infant prodigy by the stand- 
ards of age of his fellows, a prodigy 
brilianece seems to stagger the 
magination of all around him. In the 
ast 150 years of his life, he seems to 
have accomplished in his own field more 
than has been accomplished by all the 
noary-headed representatives of man’s 
genius from time immemorial and indeed 
) per cent of his achievements are prod- 
ucts of the last half century. This 
prodigy, whose name is Science, can be 


whose 


*Address at Centennial of Engineering, 

Chicago, Illinois, Sept. 4, 1952, founded 
pon material presented by the author in 
Physics Today, June, 1951. 


241 


excused if, in looking around him, he 
does so with a patronizing air and a feel 
ing that if all who are in his company 
would do things as he does them all 
would be better done. 

In his advice as to procedures this 
child, Science, speaks in great detail, and 
as I study his precepts I beeome alarmed 
at the ignorance of my forefathers. I 
feel that there is nothing that they could 
do which I should not be able to do better. 
I know quite a little about mechanies 
and machinery. I know quite a little 
about the laws governing the workings of 
things. I know quite a little about how 
to design things so that they shall be 
have as I expect them to behave, and I 
shudder to think of the time when what 
I know was not known. And then, I re- 
ceive rather a jolt to my complacency. 
I look at one of Michelangelo’s master 
pieces in Rome, and as;I gaze at the 
great dome of St. Peter’s I am conscious 
of a certain fear lest some spirit, con- 
scious of my arrogance, should come to me 
and say: “Swann, I am commissioned to 
order you to build another dome like 
that, with such modifications as will in- 
sure that it is not a straight copy.” <A 
chill of fear comes over me for I 
conscious of the fact that the dome I 
build will probably fall down. I beg my 
visiting spirit to wait while I consult an 
engineer who is skilled in these matters, 
but be denies me this privilege and says: 
“No, my friend, you must build it with 
the knowledge you have. Did not I find 
your mind, a moment or so ago, compar- 
ing its knowledge with that of Michel- 
angelo? Did you not tell yourself that 


am 
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even when you were quite a young man _ seeking a focus for my abilities . 
you knew more about statics, about the matter, I came upon an old violinist wy 
theory of elasticity, about dynamics and was highly skilled in his art, by: 
about mathematics than was ever known nothing about science. In fact 
to Michelangelo, and were you not assur- few words with him, I found 
ing yourself that unless a man knew these knew no more about acoustics 
things he could not design even a simple Michelangelo. I said to him: “My : 
building so that it would be secure against I have been watching you play ‘thet , 
catastrophe. It was only when you turned — strument and I think that I may be ; 
out of the narrow street in which you had _ to tell you how to play it better, for 
been walking and saw Michelangelo’s a student of acousties and know all a] 
masterpiece that you became a little con- the laws of sound. With my knowledge 
fused as to your reasoning. No, my friend, and your skill, I am sure it should } 
my orders are that you should build that possible to play the violin better tha 
dome with the knowledge that you have. you play it.” “Very well,” said the 
After all, do you not know much more violinist, “here is the violin—play 
than Michelangelo knew about the very “Oh, please,” I said, “not so fast. 
things which are concerned in the eree- wish to start with something muc! , 
tion of that structure?” But as the re- fundamental. Indeed, I do not know that 
sponsibility is foreed upon me, my fears I wish to use that instrument at all. It 
grow and I beg the spirit to allow me seems to me a very stupid instrument 
to talk with somebody. “Perhaps,” says with no scientifie background It is strung 
my tormentor, “you would like to consult with a cat’s inside and played with ; 
with Michelangelo. Shall I eall him forth horse’s tail. It has a form dictated | 
from the grave for an appointment?” no scientifie principles and the only ir 
And then as, in bewilderment, I turn to formation I have been able to find wit! 
look upon this spirit, I find him looking regard to it is to the effect that the fon 
at me with a humorous smile as he says: had something to do with the supposed 
“My friend, go your way. You are ex- figure of the Virgin Mary. I would lik: 
cused from building the cathedral. After to study a very simple case first.” And 
all, the time has not yet come for its so, I proceeded to suspend a simp) 
visitors to be sent so suddenly to heaven.” stretched string between two fixed points 
And so I departed in some humiliation in space and to diseuss all the various 
to meditate upon this comparison of my modes of vibration. I explained how 
knowledge with that of the great mediaeval the frequency of vibration determines the 
architect. pitch, how the overtones determine the 
quality and so forth. 
much impressed, but much_ bewildered, 
In order to restore my morale, I de- said: “All right, here is the bow; now let 
cided that before I was commanded again us play it.” On drawing the bow across 
to undertake such a dangerous task as the string, the old violinist heard nothing, 
building a cathedral, I would attempt for we all know that a string so mounted 
something on a smaller scale, where a would emit practically no sound at 
little accident here and there would not The old violinist complained that he cou! 
be so catastrophic. And so I thought of not hear anything, but I felt that it was 
acoustics, for after all the nature of very unreasonable of him to insist upon 
sound is quite well understood. I can what, it seems, is the relatively minor 
work out neat mathematical problems matter of hearing something and pro 
about sound. I ean do all sorts of stunts ceeded to argue that it is much better t 
with Fourier series and with differential understand what you do not hear 
equation and the like, stunts which wovld — to hear what you do not understand. Bu' 
have flabbergasted old Michelangelo. In the old violinist seemed sad about t! 


Acoustics 
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matter and went away, a little comforted, 
however, by the fact that although he may 
not know what he is doing he knows how 
to do it. 
Start With Sim plified Proble mi 

It is characteristic of the ways of the 
scientifie attack to take a simplified prob 
lem, and, by studying it thoroughly, hope 
that one may proceed to understand and 


control the complex problem. In the field 


where the man of seience has had the 


matter in hand from the beginning, this 
procedure has been very successful. Thus, 


he started with pure academic interest to 
inquire why electricity was emitted from 
hot wires in a vacuum. From the ex- 
periments of this epoch certain interest 
ing laws developed which ineited further 
research and further experiments. Some 
of the phenomena were born more or less 
in isolation and by themselves presented 
no great individual prospects. However, 
they were brought together by the man 
of science, who nurtured their develop 
ment, watched over their 
marshalled them from time to time into 
more efficient groups as regards their 
potentialities, until finally we have in the 
world of today, radio, television, and a 
hundred other things whose operations, 
if viewed for the first time, would seem 
so complicated, so unrelated, and so 
miraculous that no brain would have the 
courage to interpret them. If we could 
imagine some super-genius of the inventor 
kind who, by a rule of thumb and horse 
sense—it would have to be a very special 
kind of a horse—had arrived where we 
have arrived today in the science of elec- 
tronics, but without knowledge of the 
hasie fundamentals pertaining to the sub- 
ject, and if this genius presented us with 
the various pieces of equipment, with 
sales bulletins telling us how to turn on 
the switches and manipulate the knobs, 
we would have a marvelous time for a 
week; but even if the apparatus con- 
tinued to function longer, I venture to say 
that we should have a terrible task if 
anything went wrong with it, and further 


progress, 
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improvement in its operation would take 
place very slowly indeed, if at all. 

Now unfortunately the man of practi 
eal affairs has not the opportunity, so 
frequently afforded to the man of pure 
science, of choosing his own battleground 
or even the antagonists with 
will contend. The man of science fash 
ions his weapons and invents them to his 
liking. Then he seeks an enemy against 
whom he may use them with the greatest 
efficiency. 


whom he 


Sometimes when victory has 
been attained, the territory conquered is 
rather barren, but he may eare little for 
this if the fight has 
Sometimes the acquired territory is rich 


been a good one. 
in values of many kinds, in which case 
the inventor receives much kudos for the 
benefits he has brought to mankind. He 
is given credit for having unselfishly 
worked for the good of his tellows. Alas, 
I fear that in this matter there is a good 
In 90 per cent of the 
cases he has worked on the job because he 


deal of hypoerisy. 


liked the job, as Richard Coeur de Lion 
fought the much for 
holy motives, as for the reason that to 
him war was the meat and drink of his 
existence. If the researcher should find 
that the future gave utilitarian value to 
his discoveries, he would probably be as 


Saracens, not so 


surprised as anyone else at sueh a con 
summation of his efforts. 

As I have said, the practical man has 
not the opportunity of choosing his terri 
tory for the battle, and those who support 
him are not willing to look far into the 
future and hazard the belief that what 
he does today may be of great value then, 
even if it has no value now. The practi- 
cal man has to meet the problems as they 
come to him. Even if some kind spirit 
should reveal to him the ultimate funda 
mentals at the back of his problems, it 
might not be practicable to find the so- 
lution for his immediate task by tracing 
the story from the fundamentals to the 
end point. Even though the problem 
might be one of no perplexity in the 
sense that the train of relationships could 
be visualized, it might be one of great 
complexity, so that its solution was not 
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realizable within the limits of the skill 
of man. 

If I tap this table, I feel that I under- 
stand the fundamentals which control the 
nature of its oscillations. I can write 
down the differential equations which 
govern the whole story and whose solu- 
tion, subject to the appropriate bound- 
ary conditions, would represent the last 
word in the problem. Alas, however, it 
is probable that in this particular case 
the solution would be attended by such 
difficulties of mathematical complication, 
that no mathematician who had ever lived 
could solve it. The problem is one of 
no perplexity but of staggering com- 
plexity. 

And so it behooves the practical man 
of science, the engineer, to adopt pro- 
cedures less ambitious than those of the 
man of pure science; and as a conse- 
quence, there come into being empirical 
relationships which experiment reveals 
to represent truths and which could pre- 
sumably be deduced from more funda- 
mental starting-points if one only had the 
knowledge and skill to carry out the 
process. When so deduced, it would fre- 
quently appear that the empirical rela- 
tions are approximations, but approxima- 
tions so good that nothing better is neces- 
sary for the practical end point. One 
of the reasons for difficulty in relating 
the empirical rules to the ultimate funda- 
mentals is the fact that those funda- 
mentals have frequently no power to 
suggest that the things which are ne- 
glected in the approximation are really 
negligible, for they have to be prepared 
to deal equally well with other problems 
in which they are not negligible, even 
though no such problem should present 
itself among those concerned in the affairs 
of our universe. 


Fundamental Principles 


In any domain of scientific knowledge, 
we are concerned with the basic funda- 
mental principles, which usually take the 
form of differential equations, and the 
solutions of problems governed by those 
principles. The physicist is apt to place 


the solutions in a role subordinat 
fundamentals. This is a quest 
procedure, for the solutions 
sense richer in law content 
the fundamentals. The fund 
apply to all solutions and 
fore dare not emphasize the sp 
tures of any particular solutio: 
to take an example, the fundament 
of acoustics, supplemented by recom 
of the psychological significances of pite 
quality, ete., govern the course 
sounds which are produced. They gover 
the course of acoustical phenomena 
volved in the production of Beethoven’. 
Fifth Symphony and they also gover: 
the acoustical phenomena involved in t}, 
singing of “Old Man River” but they hay: 
no more power to demand one in prefer 
ence to the other. Now the musician 
very much interested in which compositio: 
is being played. Moreover, when he | 
his compositions, he starts to invent new 
laws relating to the compositions then 
selves. He starts to invent laws of har 
mony and counterpoint. The fundament 
laws of wave motion, basic to acoustics, 
have no objection to our musician’s laws 
of harmony and to what he tells his 
pupils as to how the compositions shoul 
be played, but they take no part in di 
manding these laws and give the musiciar 
no help in his task of formulating then 
These laws are laws characteristic of thr 
group of solutions of the fundamental 
laws, the solutions in which the musiciai 
happens to be interested. Indeed, I sup 
pose a pure acoustician who was asked t 
present a concert would demand that « 
blackboard be placed upon the stage. © 
the blackboard he would write the differ 
ential equations controlling acoustical 1 
brations. He would turn to the audience 
and say: “There, my friends, you have 11 
all! Everything that has ever been com 
posed and everything that ever will bx 
composed! I hope you enjoy it! Goo 
evening.” 

Now the engineer, as distinct from th 


pure physicist, is a little bit like t 


‘ 
\ 


n 
th 


musician. He is very interested in 
particular problem itself and in the re 
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lation of one problem to another. He 
senses relationships applicable to the par- 
ticular solutions, which relationships he 
may very well formulate as laws. The 
mathematical physicist may be a little 
annoyed at this and inform him that his 
various laws are not independent. “Do 
you mean,” says the engineer, “that you 
can deduce all of them from one of 
them?” “Oh no,” says the mathematician, 
“they are neither independent, nor will 
any set of them completely define the 
remainder. From my standpoint, they 
are an abominable logical mess.” “But,” 
says the engineer, “are they not all right?” 
“Oh, they may be all correct,” saws the 
mathematician, “but they are like a lot 
of ill-dressed people. The hat of one 
belongs to the coat of the other, the shirt 
of one belongs to the collar of another. 
They are awful.” Now the engineer does 
not worry so much about this, provided 
that his laws are of use. He does as much 
as he ean by discovering valuable rela- 
tions among the various things which he 
studies and combines these relations here 
and there, using everything he ean get 
hold of to help him, even the pure mathe- 
matics and logie of the mathematician, 
when he ean, and he seeks, with this 
rather heterogeneous combination of para- 
phernalia to accomplish what he sets out 
to accomplish. 

And so, in meditating upon our ancient 
and mediaeval architects, I have to be- 
lieve that, though unconscious of the 
general fundamental laws, they neverthe- 
less sensed many things which were true 
and were able to mould them into a frame 
of procedure which was sufficiently con- 
crete and self-consistent to serve as a 
guide in their operations. We should feel 
very insecure in this frame, fearing that 
something had been forgotten, unless we 
could see the elements of that frame as 
consistent parts of the more complete 
whole. 


Seek Better Understanding 


The man of science frequently finds 
himself seeking for a better understanding 
of the law with which he deals. Now 


this concept of understanding possesses 
the potentiality of breeding many illu- 
sions. I could talk for some hours on 
this matter, but one example will have to 
suffice. 

In my student and early teaching days, 
it was the custom to seek an explanation 
of everything upon a purely dynamical 
basis. It is true that dynamics itself, at 
the period of its birth, was not a science 
which appealed immediately to the in- 
tuitions of the scholars of that time. A 
description of motion in terms of the 
activities of supernatural beings who car 
ried things about in a manner determined 
by God was something which appealed 
much more strongly to the intuitions of 
the day. However, the collosal achieve 
ments of Newton and his successors grew 
a kind of reality into these dynamical 
concepts, a reality which, as time went 
by, became stronger and stronger, so that 
in the latter half of the last century there 
were many who felt that so-called dy- 
uamical principles represented the ulti 
mate basis of understanding and were 
themselves fundamental in their claim to 
be understood without appeal to anything 
else. He who did not feel in his bones 
that dynamics was unassailable and obvi- 
ous in its meaning was an ass, or at best 
a kind of lunatie devoid of the funda- 
mentals of common sense. 

The matter is illustrated by a comment 
in Sir Arthur Schuster’s “Theory of 
Opties,” written as late as 1904, and it 
must be remembered that Schuster was 
one of the world’s high priests of natural 
philosophy in that epoch. He writes: 
“The study of physics must be based on 
a knowledge of mechanics, and the prob 
lem of light will only be solved when we 
have discovered the mechanical properties 
of the ether.” Writing in another place 
of Maxwell’s equations, he remarks: “The 
fact that this evasive school of philosophy 
has received some countenance from the 
writings of Heinrich Hertz renders it all 
the more necessary that it should be 
treated seriously and resisted strenu- 
ously.” 
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And so, in my student and early teach- 
ing days, it was the custom, following the 
lead of Maxwell himself and his school, 
to seek an explanation of electrodynamic 
phenomena on purely dynamical bases. 
If we wanted to make somebody under- 
stand a cireuit with self-induction, ca- 
pacity and resistance, we would refer to 
a ball vibrating in a viscous fluid at the 
end of a spring. We would say: “Now 
the self-induction in this cireuit is like 
that mass on the end of the spring. This 
capacity is like that spring. The electrical 
resistance of the wire is analogous to the 
viscous resistance of the liquid, and so 
forth.” By thinking of the spring and 
ball, which we of the older generation 
felt we understood more or less, we en- 
deavored to accommodate our thinking 
so as to understand the electrical problem. 
Today all of this appears to be changed. 
At an early age youngsters start to play 
with radios and to acquire quite a little 
knowledge concerned with the essentials 
of their operation. This fact has reversed 
the whole situation as regards reality in 
the mind of youth, and the youngster of 
today and the older youngsters who are 
doing research in our laboratories seek to 
understand dynamics by showing that it 
is like electrodynamics. And if the 
youngster wishes to understand how a 
ball bobs up and down on the end of a 
spring when immersed in oil, his teacher 
is apt to say: “Now this weight is just 
like that inductance in one of your radio 
circuits. The spring is like the capacity, 
the viscous resistance of the fluid is like 
the resistance of the wire. Now you know 
that the electrical cireuit will oscillate; 
and in a similar kind of way, the ball 
and spring oscillate. You know that if 
the electrical circuit is stimulated by an 
external force of frequency equal to its 
own, it will resonate and build up a big 
amplitude; and for exactly similar rea- 
sons, the ball on the end of the spring 
builds up an amplitude when subjected 
to an external force which harmonizes 
with the system in frequency.” Thus, 
since you understand all about the nature 
of the electrical oscillations of the circuit, 
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you ought to be able to stimulate yoy; 
brains to the point of understanding why 
and how a ball bobs up and down on the 
end of a spring in oil.” 

No longer does the engineer seek 
understand his electrical problems th, 
mechanical ones, but when he gets a m 
chanical problem, the first thing he 
is to seek the electrical analogue 
think in terms of that—he seeks th 
equivalent electrical cireuit. And so this 
concept, reality, is indeed like a chame 
leon, changing its color to harmonize wit} 
the setting of its time. 

If I were asked to distinguish as 
as possible in a few words between t! 
state of mind of the pure physicist and 
the engineer, I would, summarizing what 
I have said earlier, claim that the hig} 
spot of the interest of the physicist is 
the understanding of the relation between 
the various parts of his science in terms 
of the minimum number of hypotheses or 
starting points. If he is a very sophisti 
cated physicist, he will realize that prob 
ably no set of starting points has any 
prior claim to fundamentality other than 
is implied in this potentiality of represent 
ing the minimum of starting points. To 
the physicist, a good set of laws provides 
the means through which, by saying few 
things, many consequences may result 
Sometimes the physicist is not so 
ested in tracing out the consequences 0! 
his laws, but the consequences represent 
the main interest of the engineer and 
sometimes the consequences themselves, 
with their interrelations, can form a 
scheme for the deduction of further use 
ful consequences without very much ap 
peal to the fundamentals. This wid 
knowledge of the consequences of 
fundamental laws can grow a sensitivity 
to the way things happen and ean grow 
it even in the mind of him who is ur 
acquainted with the fundamental laws 
This sensitivity, developed to a high de- 
gree, provides what we may call intuition 
And so, in meditating upon our ancient 
and mediaeval architects, I have to be- 
lieve that, though unconscious of the 
general fundamental laws, they never 
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theless, on the basis of hundreds of years 
of experience, sensed many things which 
were true and these they were able to 
mould into a frame of procedure suffi- 
ciently conerete and_ self-consistent to 
serve as a guide to their operations. 

As distinct from the procedure of the 
conventional man of science, and farther 
to the left, as it were, than the engineer, 
we find the inventor. Frequently the in 
yentor is very hazy as regards the funda 


mental principles which control the phe 


nomena with which he deals, but he enjoys 
a certain compensation by the utilization 
of knowledge of an enormous number of 
experimental facts and processes which he 
combines in all sorts of ways in search 
of the end he desires. There is apt to be 
a high mortality in the expected achieve 
ments; but valuable end products fre- 
quently appear, even when, in the light 
of a strict appraisal of affairs as repre 
sented by the scientific knowledge of the 
day, it would seem that they never should 
have appeared. 


Engineer Stands Half Way 


The engineer stands half way between 
the pure scientist and the inventor. He 
is not so coneerned with harmony of re 
lationships leading back to the simplest 
form of fundamentals, but he is concerned 
with the reasons for things in terms of 
empirical relations, ete., which he uses to 
guide his thinking. The inventor ix for 
the most part conscious of these relation 
ships only through a strong sensitivity 
to their results. 

The inventor walks in the territory 
which the man of science has mapped out 
into regions of assured fertility, dubious 
fertility, and almost certain sterility. The 
man of science, and indeed the engineer, 
are inclined to conserve their efforts by 
walking in the rather limited realm which, 
on the basis of the laws with which they 
operate, represent regions of assured fer- 
tility. However, the inventor walks with 
courage everywhere. He sees a pasture 
which he thinks has promise. The physi- 
cast would explain to him that his reasons 
lor expecting something from that region 
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are invalid, and in 90 per cent of the 
eases they are, but the inventor walks 
nevertheless. He walks persistently, so 
that every now and again he finds some 
spot which is rich in content, not perhaps 
for the reasons that he expected, but for 
other reasons of which he may be only 
partially conscious. If we should trace 
his own their origin, they 
might constitute a set of heterogeneous 


reasons to 


associations with no very obvious logical 
connection, but which, through the scheme 
of profound regularity inherent in na 
ture, had conspired to give a suggestion 
which was fruitful in spite of the very 
dubious foundations upon which the sug- 
gestion was made. 

There was a celebrated inventor whose 
employees hung upon the walls of his 
laboratory a placard which stated as fol- 
lows: “The poor fool didn’t know enough 
to know that it couldn’t be 
went ahead and did it.” 

In seeking to understand the relation- 
ship between phenomena as we meet them 
without an appeal to fundamentals, much 
use is made, particularly by the engineer, 
of analogy. Indeed, Maxwell’s electrody- 
namie scheme, as already cited, had as its 
object the setting up of an exact analogy 
between dynamics and the science ot 
electricity and magnetism. Frequently, 
however, analogies take the form of ap 
proximations, but when the approxima 
tions are established, the practical man 
rapidly grows intuitions which become 
sharpened with time and develops, for 
the realm of the analogy, a set of laws 
which are self-contained even though their 
relation to the fundamentals may be 
hidden. 

One has an example of this in matters 
pertaining to electrical circuits where, 
provided that the wave length of any 
oscillations concerned in the circuits is 
long compared with the dimensions of the 
circuit, we can think in terms of a cer- 
tain type of simplification. There grow 
the concepts of capacity, inductance, im- 
pedance, to which the practical engineer, 
stimulated perhaps by rivalry with the 
medical profession, feels the urge to add 


done, so he 
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another number of godforsaken words, 
such as admittance, transconductance, ete. 
While seeking to stimulate my sarcasm in 
this connection, I have thought of a new 
term “abuttance.” I present it to the 
radio engineers in the hope that they will 
find a meaning for it. At present it is 
like the doctor’s discovery of a “eure” 
for which there is no disease. 

In terms of the simplified laws, the 
practical man proceeds to manipulate 
these various quantities and to become 
very clever at predicting what will happen 
in this case and in that. Occasionally, 
however, situations arise in which the 
simplified laws no longer are adequate. 
The practical man does something about 
this by making some kind of correction 
as far as possible in the language of his 
old formulation. As knowledge advances, 
however, more and more of such cases 
arise and the patches on the patched up 
framework become more obvious than the 
framework itself. 


Engineer Must Acquire New and 
Strange Tools 


As more and more of the fruit of 
nature’s richness becomes plucked, more 
and more of the potentialities of em- 
piricism, founded upon the structure of 
matter in bulk, become exhausted, and the 
more do we have to look to the sub- 
grained atomie and nuclear structure of 
matter for further progress. This neces- 
sity of an appeal to fundamentals has 
made itself obvious in electronies, where, 
however, these sub-grained matters have 
made their appearance with such subtlety 


National Science 


Edward McHugh, director of the Divi- 
sion of Research and Industrial Service, 
has announced that the National Science 
Foundation has made a grant of $10,200 
to Clarkson College of Technology to 
sponsor research on “Mass Transfer Co- 
efficients and Interfacial Areas in Packed 
Columns.” 


that even the practical man has becom, 
inveigled into thinking in terms of 4) 
and to walking in a territory which would 
have filled him with fright if he had pes 
thrown into it all at once. And y 
these sub-grained matters are 

other realms, the realms of meta 
where new things about the strengt} 9 
materials, the nature of friction, ete., ay 
only eapable of being understood in term. 
of laws about atoms and molecules ay 
laws, moreover, involving ideas born 0: 
such relatively abstract things as {| 
quantum theory of atomie structure. Th 
time is coming when the engineer w; 
find that the sharpening of his old to 
is not sufficient for his task. He must 
acquire new and strange tools, tools whiel 
seem antagonistic to his common sense 
But common sense is a curious attribut: 
In its proper domain, it is a jewel ot 
priceless value, but when strongly en 
trenched in any realm, it can imped 
progress. Fortunately, it is a changeab\ 
kind of thing, and it will happen in 
future, as it has happened in the past 
that the common sense of the past is th 
nonsense of today, and the apparent non 
sense of today is the common sense of thi 
future. It is for the young engineers, 
or at least for those of them who ar 
concerned with some of the most interest 
ing aspects of future developments, 
attune themselves to the common sens 
which is to come, that they may walk with 
the same security under its guidanc 
their predecessors have walked under th 
guidance of the common sense of their 
day. 


Foundation News 


James H. MeMillen has joined the stati 
of the National Science Foundation a: 
a member of the physies staff of the Di- 
vision of Mathematical, Physical and En- 
gineering Sciences. He comes to the 
Foundation from the Naval Ordnance 
Laboratory, where he was chief of the 
Hyperballisties Division. 





Looking Ahead in Engineering Education* 


By L. M. K. BOELTER 


Dean of Engineering, University of California at Los Angeles 


Looking ahead in Engineering Educa- 
tion is indeed a precarious undertaking. 
The existence of a temporal region of ex- 
verience from which a rational extrapo- 
ation may be made is postulated. To this 
end the author has relied heavily on the 
historical data presented in the reports of 
the American Society for Engineering 
Education (1). Evidence of lag in effee- 
tuating ideas of engineering leaders and 
of eyelie repetition (probably of period 
equal to a generation) as well as the lack 
{ the application of the experimental 
method to pedagogical procedures and to 
curricular changes may be found in the 
literature, including college catalogs. 

Again, the earlier lack of acceptance of 
Engineering in the universities of the 
United States ¢ has left vestigial sears and 
other effects which are manifested in the 
academie organizational structures and 
academie attitudes. The establishment of 
the Land-Grant Colleges and the early 
Institutes of Technology had a salutary 
effect upon the position of Engineering 
in the Higher Educational Structure of 
the United States. 

The first works of Engineering rest in 
antiquity. The works of Engineering and 
Architecture can hardly be separated at 
the beginning. The great accomplish- 
ments of the ancients shall not be re- 
counted here but it will be observed that 
the progenitor of the Modern Professional 
Engineer was not always required to con- 


* Presented on September 4, 1952 at the 
Centennial of Engineering, Symposium on 
Engineering Edueation and Training, Chi 
cago, Illinois. 

+The same phenomenon was exhibited in 
Germany (2). 
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serve national resources or to practice 
economy. On the other hand, he had much 
less power available to perform the as- 
signed tasks. Again the early engineer 
expended a goodly amount of energy de- 
veloping engines of war. 

The transmission of knowledge in the 
early days was either through shrewd ob- 
servations of the existing engineering 
works or through the master-pupil rela- 
tionship, although certain records were 
maintained also. 

The first American engineering cur 
ricula (1) may be characterized as applied 
science containing a liberal core of socio- 
humanistie studies. Shop courses were 
introduced fairly early and remained in 
one form or another in many curricula for 
at least two generations. Engineering 
laboratory instruction was also begun 
early in the period of the germination of 
engineering instruction, approximately 
1870. 

Throughout the sueeeeding years a gay 
grew between the sciences (Physies and 
Chemistry particularly) and their applica- 
tion in the Engineering courses and in the 
profession. Engineering curricula could 
no longer be characterized as applied 
science. Rather, Engineering emerged 
as a science in its own right and in addi- 
tion great stress was laid upon the art of 
Engineering. But the bases upon which 
Engineering Instruction were built did 
not change with the change in philosophy 
and content of the Physical 
Thus a gap of approximately one genera- 
tion developed between knowledge as 
added to the Sciences and its application 
in Industry, which gap was reduced to 
several years during World War II. 


JourRNAL oF ENGINEERING Epucation, Dec., 1952 


Sciences. 





LOOKING AHEAD IN 
Parenthetically, developments in the Phys- 
ical Sciences have, however, resulted in 
the creation of new Engineering Curricula. 
This gap between the formulated and ex- 
perimental knowledge of the Physical Sci- 
ences and the content of engineering 
courses and the application to the design 
of Engineering systems cannot again be 
allowed to develop. 

Segments of the Physical Sciences may 
be neglected in the Science Departments; 
these areas must be assumed by Engineer- 
ing but their assumption should not pre- 
vent the transmission of new knowledge 
of the Physical Sciences into Engineering. 


Unterstiitzungen of the Curriculum 

The four-year professional undergradu- 
ate curriculum is still considered to be a 
standard and has proven satisfactory.” 
However, supports for the curriculum, 
quintuple in number, will be developed 
so that the four-year curriculum will re- 
main “a unique segment” of Engineering 
education. 

1. A considerable body of opinion now 


exists to the effect that at least two years 
can be substracted from the pre-college 
school experience (3) of a student who 
has the intellectual capacity for college 
work and who also possesses the necessary 


physical stamina. In other words, the 
same material now presented can be com- 
pressed into a lesser time or the equiva- 
lent of two years of appropriate work 
may be added between the kindergarten 
and high school graduation. Canadian 
and European experience will aid to point 
the way. 

The subject material to be introduced 
in the two years saved will receive careful 
attention. The University of Chicago in 
the University College has studied inti- 
mately the recasting of knowledge (4), 
the emphasis on particular modes of rea- 
soning, and desirable methods of instruc- 
tion (5). 

2. The work-study program (often for- 
malized and called the cooperative pro- 

*Certain Colleges of Engineering main 
tain 5 year curricula at the present time, for 
example, Cornell University. 


ENGINEERING 


EDUCATION 


gram) deserves much more thoy 
tention and support. With aslig 

in the college calendar and sel, 

all required courses each term 

may be given the opportunity o! 
trial employment of technical |; 
mensurate with their maturity, 

and education. Briefly, an indus 
governmental) organization will se 
one job which either two, three, 0; 
students will serve seriatim each yea; 
pending upon the college calendar, 
undergraduate professional curricyly 
demands the support of this program { 
survival, 

3. The Engineering profession will 
courage and develop an internship p» 
gram to begin directly after the award o: 
the Baccalaureate. Certain industria! 
ganizations have made great strides 
post-graduate study for their employees 
for instance see (6). But the professio: 
has not yet effectively and formally 1 
ognized a post-bachelor’s program for th: 
training and education of a professior 
engineer. Note: The Engineering Soci 
ties require a certain number of years o! 
“in responsible charge” and certain Stati 
Laws require that engineers-in-training 
serve under registered professional engi 
neers. 

The College of Engineering, the 
ployer, and the Engineer-in-training 
Junior Engineering) acting in concert 
would, in the following tentatively pr 
sented plan, arrange an individual | 
gram consisting of part or of all the | 
lowing components: 


On-the-job employee instruction | 
supervisors. 

On-the-job self study. 

On-the-job courses. 

Off-the-job courses, socio-humanist! 
and technical. 

Off-the-job self study. 


The program will be designed to aid th 
engineer-in-training to achieve protes- 
sional status, to insure more effective per 
formance of the job assignments during 
the training program and to fill such gaps 
in general knowledge and specifie applica 
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ons as will allow the most effective dis- 
harge of his duties as a citizen. 

An examination or/and a dissertation 
based upon the total training and educa- 
ional experiences of the candidate for the 
previously selected period (say four to 
ave years) will climax this internship 
program. The initiation of this program 
at an early date is imperative to the fu- 
tyre well-being and strength of the pro 


fession. 
4. The post-graduate education of the 
epgineer-in-training and that of the pro- 
fessional engineer will receive attention 
through an intensified adult education 
program, sponsored by Engineering Ex 


tension. Technical courses designed to 
a) broaden the engineer, (b) specialize 
his experiences and general courses de 
signed to give depth and meaning to his 
ontributions to society will be available. 
Correspondence courses designed to meet 
specifie needs will be had more generally. 
Techniques will be designed to aid the 
ngineer who is located in out-of-the-way 
places both domestie and foreign. Publi- 
cations of the Engineering Societies will 
be utilized to inerease the pertinence of 
the post-graduate educational experience. 
5. Finally a dynamic graduate program 
eading to either Science or Engineering 
egrees is in a virile growth stage. Grad- 
uate work in Engineering assumed a mas- 
ter-pupil relationship in its early days 
with emphasis on the original individual 
investigation. Accompanying its growth 
wil come a recognition that a change 

method of instruction is necessary. 
Courses are now replacing seminars, in- 
tructors are undertaking the direction of 
many research projects; the result in 
many instances has been that graduate 
work either has become an image of under- 
graduate instruction or has retained the 


wale and in either case the effectiveness 
{ the instructional methods must be ex- 
amined, 

Graduate students may wish to obtain 
a foundation which will allow them to 
practice the Engineering of Tomorrow 
tor which a knowledge of the modern con- 


cepts in the Physical and Life Sciences is 
essential. Others may wish to broaden 
their base in engineering while still others 
may wish to specialize in a branch or 
phase of engineering. Combinations of 
the three objectives, although resulting in 
dilution, are also a possibility. 

As graduate work in engineering be 
comes an accepted part of the training 
and education of the professional engineer 
the present dichotomy will be resolved 
through the development of two paths 
toward advanced degrees. 

The M.S. and Ph.D. degrees (or their 
equivalent) will be directed toward the 
discipline of research, with emphasis upon 
the techniques of analysis and with the 
subject objectives either chosen to decrease 
the gap between the Physieal and Life 
Sciences and Engineering or selected to 
broaden the student’s background in engi- 
neering. In summary, this graduate ex- 
perience may be designated as existing in 
the area of Engineering Science. 

The other stem, clearly a professional 
stem, leading to the degrees Master of 
Engineering and Doctor of Engineering 
will be directed to the discipline of the 
design of engineering systems with em- 
phasis on the techniques of synthesis and 
with objectives of either broadening or 
deepening the student’s background in 
engineering. This graduate experience 
may be designated as existing in Engi 
neering as an Art strongly supported by 
Engineering Science. 

In both paths (the word curriculum is 
avoided in designating graduate work) 
the methodology of engineering will be 
employed and a greater emphasis will be 
placed on its socio-humanistie content. 
Other professional groups, for instance, 
medicine at one University, are now ad- 
ministering these two graduate programs 
seriatim with the professional sequence 
coming first. 

Graduate programs designed for full- 
time professional employees have been in 
existence for many years (General Elec- 
trice—Union College, Westinghouse—Uni- 
versity of Pittsburgh, for example) and 
are now quite common (6). However, 
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Purdue University has established a uni- 
fied M.S. program which will serve as a 
guide for off-campus programs (other ex- 
amples of off-campus programs are Ohio 
State University, University of Maryland, 
University of California) as well as for 
a study of the unified curriculum concept 
CZ. 


Engineering as a Profession 


More practicing engineers are now 
clearly concerned with the content, signifi- 
cance and responsibility of the profession 
(8) than was true in the past, however; 
see Waddell & Harrington in reference 
(9) for evidence of the activity and con- 
cern in the ’teens. Two events have con- 
tributed to this favorable climate. The 
present shortage of engineers has caused 
the professional engineers * to resurvey 
the position of the profession locally and 
nationally as he presents the facts to 
school counselors and to prospective engi- 
neering students. 

Again the registration procedure in 
many States requires the evaluation of the 
professional experience of the candidate 
and the examination which is set is de- 
signed to evaluate the professional capa- 
bilities of the candidate. These forces re- 
quire concentrated attention to the question 
of the status of the profession. 

Thus the ethical, aesthetic, cultural, 
economie and technical content of engi- 
neering is evolving and the methodology 
implicit in the practice of the profession 
is slowly emerging. 

Increased professional consciousness 
will reflect itself in the curricula. With 
time there will be greater emphasis on 
Engineering in contrast with emphasis on 
a specialty or branch. This changed atti- 
tude is and will be revealed in the philoso- 
phy of engineering instruction. The 
greater appreciation of the unity of 
knowledge (10) will influence both the 
profession and the curricula. For in- 
stance, systems analysis (or systems engi- 
neering or operations analysis) will be- 

*The excellent work of ECPD, EJC, 
ASEE, and Local Engineering Councils 1s 
noted. 


come an essential portion of the «iy, 
segment of the curriculum. Less atte) 
will be paid to individual courses, 4) 
number will be reduced (22, p. 14), | 
more attention will be given to the th 
oughness and content of individual eoypo. 
and their articulation with other cours. 
The academic experiences of thy 

will be planned and executed as a 

an activity beginning in the Sth (or 
grades and extending to achievement 
professional status some fifteen 
later. This period will include the his 
school years, the four year engineering 
curriculum and industrial experience; by 
tween the undergraduate curriculum and 
the beginning of the industrial employ 
ment certain individuals may also inclu 
graduate work. 


Technical Institutes 


In the organization of an Engineering 
Department in industry, a variety of ta 
ents and training is needed. The pri 
fession will in the future vigorously sy 
port the development of training programs 
for those groups which form a part of tl 
organizational structure of the profes 
sional engineer. Other professional 
groups have and are taking leadership i 
assuming responsibility for the training 
of contributing groups. 

If properly organized the leadership 0! 
the Engineering Department in an indus 
trial unit should reside in a professions 
engineer. A fraction of the group will 
be professional engineers, another seg 
ment will be engineers-in-training. But 
still another segment consists of thos 
who have completed a two-year progran 
(Technical Institute type) or equivalent 
(1, Vol. II, p. 11 and (11)). Some years 
ago many four-year engineering students 
withdrew during the first two or thre 
years of a college curriculum. Was th 
abbreviated experience the optimum « 
sirable for the semi-professional? |: 
there not a better way of training thes 
young men? 

Technical Institute type programs hav 
been introduced in many sections of tli 
country as an answer to the above ques 
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ion, for instance, by Pennsylvania State 
College, Purdue University, in the junior 
wlleges of California, in New York State, 
end in private, ineluding proprietary, 
«hools. Broadly speaking, the courses of 
these programs should not rest on formal 
physics and chemistry and mathematics 
sourses beyond high school. Physical sys- 
tems are described verbally and numeri- 
cally. Numerical methods of analysis are 
aed. Students learn about particular 
systems. Physical and chemical principles 
are taught and illustrated in connection 
with the system or apparatus under con- 
sideration. Arithmetic methods are in- 
troduced as needed. Verbal description 
and analysis replace symbolie description 
and analysis, the former augmented 
through pictorial means (drawings and 
sketches). Activities ancillary to engi- 
neering such as time-keeping, scheduling, 
ete, as related to the system or apparatus 
or job, are taught in terms of the system 
under consideration. 

Pre-engineering courses do not suffice 
for this program. Imaginative guidance 
is needed and ean be contributed by pro- 
fessional engineers, educators and teach- 
ers. 

A four-year program including the 
equivalent of two years of general educa- 
tion (humanities, economics, accounting, 
language, literature, history) and two 
years of technical institute work as de- 
scribed above and closely integrated will 
fulfill a need for a man with a college 
training who will work with and assist the 
professional engineer. 

Alternatively a four-year program in- 
cluding general education courses and cer- 
tain of the science and applied science 
courses (partially equivalent to but not 
identical with engineering science courses) 
deserves consideration as a training re- 
gime for others who will work with and 
aid the professional engineer or who in- 
tend to enter engineering curricula for 
turther study. 


Flow of Information 


As an edueational center the engineer- 
ing college is a component in a flow eir- 
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cuit. Knowledge flows outward through 
the undergraduate student, the graduate 
student, faculty consultation, faculty 
texts, and technical publications. The 
channels consisting of the newspaper, 
house organ, radio and television have nvt 
been exploited adequately. However, 
within the next generation the profes- 
sional engineer will utilize more effectively 
these media of communication. 

But the return flow path from industry 
and from the field to the engineering 
school has not been established as a con- 
scious effort. Catalogs, advertisements, 
house organs, sectioned and working mod- 
els, often available to the faculty and stu- 
dent, serve as a partial return path only. 

A function of industry is to utilize 
knowledge, which process will generate 
further knowledge; in sum, the function 
of utilization results in the generation and 
diffusion and differentiation of knowledge. 
This information must flow back to the 
college where it should be formulated, 
integrated and generalized. Still further 


fragmentation of knowledge by the engi- 
neering college will be considered inde- 


fensible (10, 22, p. 37). Herein lies a 
research task, appealing to the imagina- 
tive instructor, which the engineering 
school will accept in parallel with the 
projects now in being (12). 

A word will be included relative to the 
recording of engineering works. The 
product is the final record of an engineer- 
ing design. Buildings, bridges, television 
sets, gas turbines contemporaneously ex- 
emplify the application of the engineering 
methodology to the satisfaction of the 
needs of man. But the idea upon being 
reduced to practice has also been com- 
mitted to paper through drawings, de- 
signs, specifications, ete. A record of 
these engineering works may reach engi- 
neering publications and textbooks in part 
and very late. The time lag between dis- 
coveries and their general use can and will 
be reduced by increasing the breadth and 
effectiveness of repositories of engineer- 
ing knowledge and the assumption by the 
engineering college of a new role in the 
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return path in the flow circuit of engi- 
neering knowledge. 


Industrial Functions 


Industrial functions (13) of import to 
the engineer often cited are design, re- 
search, development, production, con- 
struction, sales, service, maintenance and 
others. But these functions have not yet 
been carefully defined. For instance, what 
are the disciplines of the design function? 
Does a universal design methodology ex- 
ist? The attention of professional engi- 
neers and of teachers will be directed to 
the problem of establishing the meaning 
of the design function and to develop its 
methodology. 

Again the existing experimental data 
will be sifted and further data will be 
gathered in order that the production (14) 
and construction funetions (and others) 
may be placed upon an analytical basis. 
Herein lies one of the greatest challenges 
to Engineering Educators. 


The Curriculum 


In this “outlook” little will be said 
about the undergraduate curriculum. 
Some of the elements of a curriculum are 
presented in references (15) (16) (17) 
(18) (19, Appendix VI) (20). Consid- 
erable thought has resulted in a tentative 
formulation of the content of the engi- 
neering curriculum, of engineering meth- 
odology and of the disciplines underlying 
engineering (18 and 24). Place has been 
foynd in modern curricula for the pres- 
entation of the analytical plus the ex- 
perimental modes of solution and for the 
science as well as for the art of engineer- 
ing. 

A elarion eall for the return of certain 
social-humanistie studies to the engineer- 
ing curriculum (24) and their recognition 
as a stem paralleling the technical stem 
has refocussed attention on the trend to- 
ward the specialization (in this ease the 
exclusion of non-technical engineering 
courses) which appears to be part and 
parcel of the “natural” evolution of cur- 
ricula in the modern American college. 

The effect of specialization and frag- 


mentation of knowledge, a resultan: ,; 
scholarship devoted to the rational ext, 
sion of knowledge, upon cours. 

ula, and instructor attitudes ’ 
examined within the last two years , 
the conclusion that both general ody 
and the discipline of synthesis (hy 

or assembling in contrast with ang 
suffer in present curricular arrany 

and teaching methods (21). 

The social-humanistie content oj 
engineering curriculum will find jts , 
pression as an integral part of the tot; 
of student experiences rather than 
separate compartments or courses 
process of integration of Engineering 
discovering the disciplines of the sever: 
branches, and establishing those dis 
plines which are common to Engineering 
will also automatically include the reqy 
site elements of knowledge referred to 
the social-humanistie (25). One of t 
great unifying forces in engineering ey 
cation will prove to be a rational inclus; 
treatment of the properties of materials 
the proper use of materials is the corner 
stone of engineering practice. On th 
other hand, that segment of the student’: 
education designed to equip him to mee! 
the social and intellectual requirements o! 
society (above and beyond his profes 
sional competence) will serve as another 
unifying force. 


General Education 


The goals of a total education hav 
been listed by Day (26) as (A) to arous 
interests, (B) to develop skills, (C) | 
convey knowledge, (D) to establish t!: 
import of understanding and appreci 
tion, (E) to establish attitudes and ideals 
and (F) to cultivate habits. The portio 
of the total education (consisting of th 
effect of the environment on man and b> 
reaction) which may be considered 
general education is defined by Hook (2! 
p. 311) as “the study of certain essenti: 
areas of knowledge together with the 4 
quisition of certain basic skills whic! 
should be required of all students. Thes 
requirements should meet the needs of 2. 
human beings both as participating mem- 
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pers of the community and as individuals 
who must undergo basic life experiences, 
irrespective of their future vocation.” 

The portion of total education and gen- 
eral education which is now included in 
each 4 year engineering curriculum will 
need to be established explicitly. Total 
and general education goals will be formu- 
lated. The social-humanistic content of 
the curriculum will thus acquire more 
meaning and greater significance. The 
way is being illuminated by several col- 
lees in the United States, such as, for 
example, the Carnegie Institute of Tech- 
nology (15). The Engineers Council for 
Professional Development has progressed 
in this area and will continue its excellent 
work in cooperation with professional 
education groups. 


Teaching 


Methods of instruction and teaching 
techniques (19, 23) are receiving much 
attention, especially through the support 
of the American Society for Engineering 
Education. The introduction of the sum- 
mer school for engineering teachers (1, 
Vol. II) was a great step forward but a 
return to the conception of breadth, rather 
than attention to detail, will characterize 
future activities of this type. The new 
vehicles of communication (recordings, 
films, radio, television) will each be tried 
and tested by engineering teachers during 
the coming years. The application of the 
experimental results obtained through a 
study of the several methods and tech- 
niques will represent a milestone in peda- 


ogy. 
Summary 


In summary, the curriculum will be 
based upon principles of transfer of 
knowledge and of skills, upon the ineulea- 
tion of a consciously formulated meth- 
odology, utilizing examples for incentive, 
continuity, and temporal pertinence, rest- 
ing the illustrations upon natural (phys- 
ical and life) phenomena, but with pri- 
mary emphasis upon the phenomena 
themselves and their analytic formulation. 
Throughout the engineering educational 


process the complete growth of the student 
will be facilitated with the teacher as 
central (23). He will be encouraged to 
“know himself,” to know others (and so- 
ciety), and to be a living example of the 
interrelationship between the physical and 
human worlds. For the student there can- 
not exist two stems (technical and social- 
humanistic) but rather a synthesis not 
only of the knowledge of the physical 
world but of knowledge itself (22, p. 58). 
In particular he will be given the oppor- 
tunity to express himself orally (added to 
the present emphasis on written expres- 
sion) and to give vent to creativeness— 
in other words, to “be himself.” The stu- 
dent will feel that he is responding to an 
exciting stimulating experience which has 
great human implications and effects. 
The author trusts that this “outlook” 
will contain both bases for action and 
stimuli for discussion. For only from 
free untrammelled unprejudiced rational 
discussion will the truth emerge. Each 
engineering school must find its own solu- 
tion of the engineering student-—faculty— 
industry relationship within a generally 
understood and agreed-upon framework. 


Definitions 


1. Engineering as an Art. In the ap- 
plication of ideal systems to the world-in- 
being many foree fields are effective which 
are either unknown, cannot be analyzed, 
or, it may well prove, that analysis is too 
expensive. The knowledge of the profes- 
sional engineer, based on scientifie train- 
ing but amplified by practical experience, 
fills the gap between the results of analy- 
sis and the behavior of the actual system. 
Often he does not employ mathematics 
beyond arithmetic as a language, his 
modes of expression being the native 
tongue and graphies (drawing), and his 
discipline is formal logic. He senses the 
magnitudes of variables which can neither 
be formulated nor evaluated by the scien- 
tist. Extrapolation from system to system 
with reasonable assurance of acceptable 
results with the details unknown is indeed 
hazardous; the exercise of this procedure 
accounts for the stature of the profes- 
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sional engineer. Briefly, he deals with a 
mass of unformulated knowledge. 

2. Training is defined as the acquisition 
of knowledge and skills which are to be 
utilized in the solution of a particular 
problem or to be directed toward a par- 
ticular end. 

3. Education will be defined as the ac- 
quisition of knowledge and skills which 
are to be utilized to solve general prob- 
lems or a range of problems such as are 
faced throughout a “full” life. 
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Sections and Branches 


The National Capitol Area Section held 
its Fall Meeting, October 6, 1952, at 
Catholie University of America, Washing- 
ton, D. C. Vice-President Boring’s letter 
was read concerning the best-paper com- 
petition for younger members of the So- 
ciety, and the method was described for 
conducting the competition within the 
Section. 

Chairman L. K. Downing then intro- 
dueed H. H. Armsby, the Section’s repre- 
sentative on General Couneil, who re- 
ported on actions taken by Council at the 
Dartmouth Annual Meeting. Mr. Armsby 
also reported interestingly on the Centen- 
nial of Engineering in Chicago. Follow- 
ing introduction of M. S. Ojalvo, chair- 
man of the Section’s subeommittee of 
ASEE Young Engineering Teachers Com- 


mittee, S. P. Schlesinger, former chairman 
of that subeommittee, stated objectives of 
the committee and reported on its recent 
activities. Recent Development in the In- 
ternational Field was the subject of an 
interesting talk by &. S. Steinberg, chair- 
man of the International Relations Com- 
miitee. 

Chairman Downing stated the theme 
for the Section’s 1952-53 meetings,—Im- 
proved Utilization of Engineering Man- 
power,—and introduced R. L. Goetzen- 
berger who dealt with the following ques- 
tions: “What are employers doing to make 
the most effective use of present short sup- 
ply of engineering manpower? Are the 
engineering schools doing all they should 
to aid?” His talk stimulated a lively dis- 
cussion. 





Looking Ahead in Engineering Education 


By 8. C. 


HOLLISTER 


Dean of Engineering, Cornell University 


During the past eighty years we have 
witnessed a change in this country from 
an essentially agrarian nation to one of 
industrial power. It has come about 
chiefly through the introduction and utili- 
zation of technology. This basie change 
has had a profound effect upon the coun- 
try’s international position and upon its 
potentiality for moral and spiritual, as 
well as economic, leadership. 

During the past fifty years the popula- 
tion of the country has doubled. Our pro- 
duction, however, has increased to four 
and three-quarters times what it was at 
the turn of the century. This has come 
about largely because we have been able to 
develop and apply, at the hand of the 
worker, about four and one-half times as 
much energy as was available to him in 
1900. 

Not only has the engineer made possible 
this increase in production; he has had 
profound influence upon transportation 
and communication as well. The world 
has shrunk in size in terms of the move- 
ment of goods and people. Every part of 
the world now may listen to every other 
part so that all may know the doings of 
any people as they occur. 

Some of the earlier steps in our indus- 
trial development could be achieved with 
little more than native ingenuity. How- 
ever, the introduction of engineering edu- 
cation in the country became increasingly 
effective; until now it is a necessity, both 
for the maintenance and the advancement 
of the technological system. 

Since preparation by way of education 
always precedes the accomplishment, it 
follows that the planning of engineering 
education requires an estimation of the 
future and its needs. Today we are lay- 


ing the groundwork for the aceomp)is) 
ments of twenty-five years hence. A look 
ahead, therefore, into the world of 2 quar 
ter of century from now should furnisi 
us some guiding principles upon whieh the 
future trends of engineering education 
should rest. 

It is the engineer’s lot to be called into 
situations in which there are serious prob 
lems. There are many serious problems 
confronting this country; solutions of 
which will have to be found in the rela 
tively near future. Such problems tax the 
ingenuity and capacity of our profession 

A whole group of problems arises from 
economic sources. America has always 
plunged into full use of its natural re 
sources with very little thought of what 
might oecur after the sources have been 
exhausted. We have been depleting them 
at a terrific rate. We have said to our- 
selves that when these resources are gone 
others will surely be found to take their 
place. How these were to be found was 
left largely to yankee ingenuity and tech- 
nical know-how. In many spots the time 
has now come when we must get busy de- 
veloping the know-how to meet some of 
these basie problems. 

From one source we learn that for every 
barrel of petroleum taken out of the 
ground two more barrels of petroleum 
have been found that were not known 
about before. From this it has been con- 
cluded that we have an inexhaustible sup- 
ply of petroleum. All we have to do is to 
develop new means of detecting the petro 
leum that is not at present known about, 
and new means of producing and refining 
petroleum that is known about but is in 
such form that at least a considerable por- 
tion cannot readily be extracted by known 
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means at a reasonable economic cost. is the development of a sound policy and 
While some say we have an inexhaustible practice respecting our timber resources. 
supply of petroleum we have, during the This has been a subject of active discus- 
vast decade, changed from an exporting _ sion for at least fifty years, but the prob- 
9 an importing country so far as this lem is still with us and the engineer faces 
particular material is concerned. During the need of further development for eco- 
that deeade we have also turned the same nomical use of wood products, or an ade- 
rner With lumber, and the decade prior quate substitute for a fair amount of the 
‘o the last, we turned the corner with zine — present supply. 
and copper. We are about to become a We appear to have a very large supply 
large importer of high-grade iron ore. of coal. One of the problems of this sup- 
Of course, tin, nickel, natural rubber, chro- ply, however, is not whether there is ample 
mium, and most of our manganese have quantity of coal of good quality, but how 
had to come from the outside, along with it may be wrested from its present natural 
some of the lesser quantities of economi- site and supplied at the point where it can 
cally strategic materials. be used effectively. Possible conversion 
It is expected that our population in the _ in the natural site to another form, such as 
next twenty-five years will increase by gas, which may be removed and _ trans- 
twenty per cent. This will affect what is ported more easily than the original solid 
needed to maintain the basic economy at coal, is one possibility that has been 
a reasonable level. We will in addition worked upon to some extent. The amount 
have continuing commitments abroad of coal needed twenty-five years from now 
which must also be cared for, where in may conceivably be one hundred per cent 
many places rising populations menace in excess of the present production. It 
the economic balance. must be recalled that one means of cover- 
In agriculture it is expected that the ing the shortage of petroleum is by the 
vield per acre by 1975 will have had to be — synthetic manufacture of petroleum prod- 
increased over forty per cent. Some ot ucts from coal. It must also be recalled 
this of course will have to come about by that petroleum is a raw product for the 
further engineering developments and development of many chemicals; a use 
some by new conceptions, new discoveries which is rapidly accelerating. This use is 
and new controls in plant science. The an addition to that of petroleum as fuel, 
result in production, however, is that the and may eventually form a major portion 
number of people fed per farm worker of the demand upon coal, if the raw source 
must be increased in twenty-five years by is transferred to that material. 
forty per cent. Another natural resource which is being 
It is no news to people in many parts of corsumed at a terrific rate is natural gas. 
the country that one of the critical mate- Thé use of this fuel has inereased three- 
rials now in short supply is water—water fold in the last fifteen years. Like petro- 
for irrigation, water for industrial uses, eum, this form of fuel is being used ex- 
water for drinking purposes, water for  tensively for fuel in its crude form. The 
navigation. Although the country has an day may not be far distant when the need 
enormous supply of water, it frequently is of special products made from distillation 
in the wrong place or occurs in the wrong — will become eritical. At such time we may 
season. Immense problems lie ahead in _ regret the inefficient use of the material in 
meeting the water situation so that there its erude form, and its depletion to the 
may be redistribution, reclaiming of used point where the supply is below the re- 
water, and conversion of sea water into quired need in more effective form. 
potable supply. Unless any of this ean be To a constantly increasing degree we 
done at an economical cost, it is of course are utilizing electrical energy in order to 
of no avail. multiply the effectiveness of a man-hour 
Another problem that faces the country of work. Most of our electrical energy is 





200 


available to us through the development 
of thermal power. Although some hydro- 
electric power may still be developed in 
the future, it will not form even one-quar- 
ter of the total source of electrical energy 
that will be needed in another twenty-five 
vears. This is another way of saying that 
the major power expansion of the future 
will be through the development of further 
thermal power with its consequent demand 
upon coal, natural gas, and petroleum. 

Whether in the field of materials or in 
the field of fuels, the ultimate goal is con- 
stantly to work toward the harnessing or 
utilization of supplies or materials or 
energy that are well nigh inexhaustible. 
For example, many products that are now 
waste might conceivably be converted into 
useful substances. Solar energy which is 
in some parts of the country in abundance 
around the calendar might some day be 
the source of energy that now depends 
upon the consumption of some of our 
priceless natural resources. The constant 
struggle towards this ultimate goal is a 
struggle which will set more and more 
men free throughout the world. The more 
general the occurrence of the base of our 
source of materials or power the more free 
will mankind become. 

Thus far I have discussed largely the 
consequences of the need of our expand- 
ing economy because of the expansion in 
our population. There are other factors 
which place great burdens upon the engi- 
neering profession. Consider for a mo- 
ment a continuing interational situation 
which maintains a high tax burden upon 
the citizens of the country. The tax 
burden, it is generally agreed, is about as 
high as it ean well be short of all-out war. 
Put in another way, it means that each 
man has just about reached the saturation 
point of his buying power, because of the 
tax burden. If wages and prices go up 
together this of course does not increase 
the buying power, except during the tran- 
sition stage. We cannot afford always to 
be in that transition stage. The problem 
therefore is what we can do to give people 
greater services for the same amount of 
money. 
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There are a great many things { 
redesign in the interest of saving mone: 
As an example, it is extremely difin,); 
today for a young man, regardless of the 
field in which he is working, to acquire 
home and a young family at the < mé 
time. The cost of present-day constr) 
tion is forcing more and more people | 
undertake building their homes with 
own hands. This is one form of answer; 
labor organizations that undertake to py 
artificial barriers in the way of n cessities 
by actually demanding pay for no work. 
The economy in the past has supported g 
certain amount of boondoggling, but they 
is a limit to what people will stand aft 
which checks and balances are develop, 
by the consumer. 

But housing is only one form of com 


Other appliances must be redesigned jy 
order to be considerably simplified and re 
duced in cost. This would give an op 
portunity for the purchase of some othe: 
appliance that now eannot be afforded 
For example, our automobiles are t 
highly priced. We badly need a chea 
car, one that will furnish transportatio: 
with comfort but not luxury. We need 
cheaper radios, television sets, refrigera 
tors, air-conditioners, washing mac! 
and the like. In time they may come, but 
we need these things now. 

The American people have learned to di 
many things the expensive way. We ar 
going to have to learn to keep things sim- 
pler and still perform the essential fune 
tions. This calls for the highest form of 
skill in design of which the engineer may 
be capable. It is our present tendency to 
add gadgets on top of gadgets to the point 
where sheer accumulation is burdensome 
We need to learn how to live more simply, 
and as engineers we need to learn how t 
design more simply, so that we may hav 
more, 

In no part of our present economy is it 
more essential that simplification be prac- 
ticed than in the conduct of war. In: 
continuing emergency we have no plat 
for the old theories of war which held thai 
costs of materiel were no object so long a> 
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ve won the war. What we must now do 
- to conserve our resources and still be in 
the position to win a war. In fact, unless 
ve do conserve our resources we may not 
win out, either in war or in peace. 

There is still another area in which the 
tate of our economy suggests much work 
for the engineer. With continually in- 
creasing mechanization we create more 
wealth with fewer actual man-hours of 
labor. Obviously this would bring about 
unemployment if it were not for the fact 
that new products may be made with the 
labor saved in the first operation. The re- 
sult, heretofore, has been a continually 
expanding industrial organization. 

Whether this can go on ad infinitum has 
not yet been ascertained in the world. 
Whether the system can be applied to 
countries which have a greater popula- 
tion per unit of area than we have has 
likewise not been determined. The engi- 
neer is being called upon to work out these 
theories, both at home and abroad, espe- 
cally in countries with less fortunate liv- 
ing conditions than our own. 

Without considering the pressures upon 
our economy developed through the need 
of support from us to other nations, or 
the need of continued military prepared- 
ness, it is already clear that the engineer- 
ing problems that are piling up ahead of 
the profession are accumulating at a rate 
far greater than the rate of increase of 
population. In fact, the problems are ap- 
pearing at a constantly increasing rate, 
and there is no end in sight. 

I have reported in other places that we 
have now reached the point in the develop- 
ment of engineers where we may expect 
no pereentage increase of engineers in 
terms of the total population. We thus 
find ourselves leveling off in terms of num- 
bers of engineers as per cent of popula- 
tion, Whereas the really tough problems ae- 
cumulating before the profession are pil- 
ing up at a rate far greater than the rate 
of population growth. This is another 
way of illustrating the point that engi- 
neering services to the community at large 
are increasing per engineer available for 
such service, 
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What effect has all of this upon engi- 
neering education? We may ask our- 
selves what it is we are now putting into 
the hands and heads of our students that 
will really be effective in dealing with the 
kind of problems that we have laid out 
before us. How have we strengthened 
the scientific and technical preparation 
which we are now asking our students to 
master? 

It is very clear that we cannot delineate 
sharply the various techniques that will 
be in use twenty-five years or fifty years 
from now; but it is certain that the prin- 
ciples on which these technical develop- 
ments will be based are principles which 
are now available in the basic sciences. Our 
problem, then, is to strengthen the basic 
science content of our curricula. The im- 
portance of this conclusion is emphasized 
when it is recalled that the problems now 
before us are tougher to solve than the 
problems that have been before us hereto- 
fore, and require a more fundamental 
approach. 

Another approach to the total problem 


of engineering manpower is the realiza- 
tion that with the requirement of increased 
effectiveness of each engineer there must 
be a readjustment in order to reinforce the 


work of each engineer. This calls for a 
supply of capable engineering aides. The 
training of these technical aides in itself 
should be advanced beyond what has been 
in use in the past. This suggests the pos- 
sibility of modifying our educational sys- 
tem to provide for the development of the 
professional engineer at a higher level 
than heretofore, together with the develop- 
ment of technical aides also at a higher 
level of training than is at present cus- 
tomary. It may well be that the pattern 
of professional schools in the future will 
involve a more extended program than we 
now have, supported by four-year pro- 
grams which will be calculated to develop 
the sub-professional personnel. It is con- 
ceivable that all of these programs would 
be collegiate degree-granting programs but 
of different duration and resulting in dif- 
ferent degrees. I am not at the moment 
dealing with graduate study as such, but 
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I am dealing with education of the great 
majority of engineers who will go out into 
practice in the profession. 

It is obvious that we are looking toward 
a period in which the function of the engi- 
neer is going to be increasingly important 
in the area of economic and political af- 
fairs, as well as in technical progress. In 
the planning of our education of engi- 
neers we are not permitted to reduce the 
little time that is now being spent in 
broadening the professional engineer’s 
background of knowledge. On the con- 
trary, it ts essential that we extend this 
time to provide a richer education than we 
can at present give him. 

In all of the foregoing we see the great 
need for expanding our creative activities. 
Recently I read an article in which one 
of our leading industrialists argued that 
our natural resources were inexhaustible. 
He cited cases in which there was a pres- 
ent knowledge of large deposits and the 
hope that many more deposits could be 
added to these if we could improve our 
methods of exploration, discovery, extrac- 
tion and processing. If we could do all 
these things then our natural resources 
would be inexhaustible. Apparently he 
did not readily recognize that the inex- 
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haustibility that he was depending yyo) 
was largely the inexhaustible ingenyjty of 
engineers. _~ 

It is this inexhaustibility of engineering 
resource that concerns us in engineerin 
education. We as educators must addy “ 
ourselves more assiduously to the tas! 
developing in our students their imagi) 
tive, creative ability to a higher level tha, 
we have achieved in the past. In fact. 
much of our teaching methods haye yo: 
been aimed at this objective. 

I do not want to be interpreted as by 
lieving that imagination can be put, by 
teaching processes, into the head of son e 
one who has no imaginative power. I ¢ 
firmly believe, however, that imaginat 
creative ability may be enhanced by teach 
ing methods. I am sure also that in th 
world today and in the engineering pro 
fession creative talent is the greatest 
needed and the most highly prized. 

Whether the engineering educators a 
complish the goal of service to our profes 
sion in the form here suggested is not im 
portant. What is important, however, is 
that we address ourselves vigorously t 
the task of appraisal of the situation, and 
then of arriving at an adequate, equitable 
and effective program. 


Ive, 


Sections and Branches 


The fourteenth annual meeting of the 
North Midwest Section of ASEE was 
held October 3 and 4 at Iowa State College. 
The main event of the meeting was the 
Annual Dinner which was high-lighted by 
an address by Leonard J. Fletcher, Vice- 
President and Director of Community Re- 
lations, Caterpillar Tractor Company. He 
spoke on “The Answer Not Found in 
Books.” The meeting was closed with a 
luncheon where the annual business meet- 
ing was held and L. O. Stewart, former 
Council Representative, reported to the 
section on “Society Affairs.” 


For the technical sessions two general 
and six departmental meetings were held. 
The topies for the general sessions were 
“An Experiment in Education-Televi- 
sion”; and “Humanities for Engineering 
Students.” 

The next meeting of the Section is to 
be at Milwaukee, Wisconsin on Octobe: 
9 and 10, 1953, with Marquette University 
as the host institution. Elected to serve as 
officers for the next year are: Chairman: 
A. B. Drought; Vice-Chairman: Chester 
Pratt; R. J. Panlener: Secretary-Treas 
urer; Council Representative: K. F 
Wendt. 





Since engineering is changing from an art to a science, it is 
natural that more engineers are called upon to assume the role of 
the scientist and to advance the frontiers of knowledge as well as to 
use that knowledge for the benefit of mankind. If this is true, 
then he should be educated as a scientist. 

The following three papers were presented at the ECRC 
(ASEE) Centennial Conference under the Chairmanship of Eric 


Walker, Vice President of ASEE and Dean of Engineering, Penn- 


sylvania State College, September 5, 1952. Dr. Furnas, in the 


first paper, extends the thesis that many of our engineers are indeed 
scientists and Dr. [hrig shows how education in industry should 
be bent to this aim. Dr. Brown advances new ideas concerning the 


role of education in our colleges. 


The Engineer-Scientist of Today by C. C. Furnas 
The Modern Engineer Should be Edueated as a Scientist 
In Industry: by Harry K. [hrig 


In College: by Gordon Brown 





The Engineer-Scientist of Today * 


By C. C. FURNAS 


Director, Cornell Aeronautical Laboratory, Buffalo, N. Y. 


From testimony in various quarters finite period of time. Fortunately, ho 
and from observation, it would appear ever, the director of this symposium has 
that the ideal engineer should be a hand- simplified matters by ruling that th 
some and well-groomed biological speci- cussion shall be limited to the 
men, with costume and coiffure readily theme: The Modern Engineer is 
changeable at will, and on short notice, entist. This markedly narrows tly 
to fit the traditional appearance and char- and promotes simplification, but eve: 
acteristics of: a research scientist, a plant restricted subject is tremenduously 
operator, a professional designer, a tech- plex and probably no one (certainly 
nieal detective, a salesman, a plumber, a this speaker) knows any of the exact 
leader of field parties, a leader in public answers to the problems. But | 
affairs, a sociologist, and a business man. attempt to make a few observations, for 
It’s quite an order. whatever they may be worth, within th 

In the simpler days when things could frame of reference of the engineer as ; 
be readily categorized, the relations be- scientist. Be it known, however, that | 
tween character of knowledge required am not one who believes that al! engi 
and activities pursued might have been neers should be in the “scientist” cat 
summarized in some such fashion as: gory, any more than that all physicians 
should be research experts. In all thi 
professions there is a real necessity 
large proportion to be the more prosai 


The Skilled Craftsman specialized in 
“know how.” 

The Engineer dealt primarily in “know 
what.” 

The Scientist lived in the domain of “know 
why.” 


is short-sighted which neglects this need 
Before proceeding with the discussio 
of the specific problem in hand, «a briei 
Now it seems that the engineer is ex- survey of the make-up of the engineering 
pected not only to know “how,” “what,” profession is in order. At the present 
and “why.” For reasons of sociology and 
salesmanship, he is also expected to “know in the country with employment distribu 
who.” Truly he is to be all things to all tion roughly as follows: universities 9 
people and the educational system is sub- government 24%; industry 67° (rel 
ject to criticism because it doesn’t con- ence—Bureau of Labor Statistics B 
tinuously turn out the desired, universally tin No. 968, May 1949). Depends 
adaptable, marvelous product. substantially on definition, somewhere b 
Even if someone did exist who knew all tween three-fourths and seven-eightlis 0! 
the answers to the problems generated by all those who have received engineerils 
this multi-headed demand, he could’ education remain within the confines ol 
hardly cover the field adequately in any the profession, if you inelude adminis 
* Talk delivered at meeting of the Engi- trative and executive posts which ih 
neering College Research Council, Chicago, closely linked to technical organizations 


September 5, 1952. (With a more strict definition of eng! 
p 
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oeys, others have estimated that approxi 
ately 50% stay within the profession.) 
\t the present time roughly 15% of all 
onineers are engaged in research and 
levelopment (reference—Furnas, 

m. Soc. Eng. Ed., Sept. 1952 p. 24) and 
this eategory embraces the bulk of those 
vho fall in the “scientist” type of activity. 

In addition to the engineers who at 
ny one time have the strong scientist 
, there will probably be a number 
who are on their way up from the ranks. 
So, as a liberal estimate, some 25% of 
the individuals in the engineering profes- 
sion are, or will be, those for which ex- 
tensive, effective and profound scientifie 
knowledge and understanding is a neces- 

A most important and necessary 

it is, but in considering education 
nd training let us not fall into the 
langerous error of producing all Chiefs 
ind no Indians. 

Focussing attention on the select 25% 
those in research, development, and new, 
constructive design) we find that there 
re some real problems in keeping up 
vith the game, and probably some serious 
efects in the educational system. The 
situation was probably best summarized 
vesterday by Dr. W. F. G. Swann, at 
inother symposium of this Centennial, 
when he said “The time is coming when 
the engineer will find that the sharpening 
if his old tools is not sufficient for the 
task.” It is a sage and worthy observa- 
tion. The situation will careful 


analysis. 


Jour. 


tinge 


bear 


Trends in Engineering 


\t the risk of appearing to be in my 
dotage and perhaps of being guilty of 
erroneous conclusions, I would like to 
st some observations on the trend of 
fairs in the engineering activities as- 
ociated with research, development and 
lesign over the past 25 years. These 
come from the vantage point of practice, 
teaching, and administration of research 
ind development, and from exposure to 
two distinetly different fields: (a) chemi 
eal engineering, and (b) aeronauties: 
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(1) Practical engineering problems 
have steadily become larger, more com 
plex and more sophisticated. 

(2) There has been a progressive trend 
away from straight empiricism and to 
ward designing exactly and with confi 
dence. In the chemical industry, pilot 
plants are sometimes omitted and in the 
mechanical and electrical fields much of 
the inventing is done on the drawing 
board. 

(3) The use of 
tions has inereased a great deal in ap 
proaching new problems. This has been 
especially marked since the rise of the 
computer art which makes it possible to 
arrive at solutions of a multitude of syn 
thetie problems, quickly. Computers are 
also rapidly becoming a basie research 
tool for fundamental scientists. 

(4) Despite the decay of empiricism, 
laboratories have greatly inereased in 
number, size and scope. In the applied 
research and engineering fields they are 
largely used to: (a) get quantitative in 
formation for design purposes and (b) 
proof-test prototypes or components, and 
(c) work out final design improvements. 

(5) The “team” approach to most en- 
gineering problems predominates, which 
tends to throw the very best engineers 
onto one side or the other of adminis 
trative problems, despite all efforts to 
avoid them. 


theoretical considera 


Characteristics of Successful Engineers 


Matched against the above list of chang- 
ing characteristics of the task, I would 
like to record some observations of the 
characteristics of individuals who have 
proven successful in the fields and activi- 
ties with which I have been in contact. 
Perhaps my sample is not sufficiently 
large to serve as a basis for generaliza- 
tions, but it does involve close aequaint- 
ance with at least several hundred indi- 
viduals. As I have observed them, the 
principal characteristics of the suecessful 
ei.gineers, a la scientists, are: 


(1) They have high IQ’s. 
(2) They apparently have had good 
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undergraduate scientific training, but no engineers. The brain trust hb 
particular colleges or universities seem to ticularly the asocial ones 
dominate as alma maters. bridle and grumble at this, but 

(3) They appear to have true scien- on happening just the same. 
tifie understanding. They really grasp the What do the members of the 
implications of F' = ma. collection of scientifie engineers do wi) 

(4) They may come from any part of distinguishes them from the garde: 
of the country. They can come from any riety of engineers on the one ha: 
part of the world, but usually the Euro- from the true scientists on th 
pean-trained scientist or engineer is less The principal and unique characteris 
adaptable than the American-trained one. of their activities would appear to be ty 
This is independent of any language bar- 
riers. 

(5) They have drive, imagination and 
tenacity and at least reasonable judg- 
ment. They are not always, however, 
eager beavers or highly energetic people. 
Some are very leisurely and a few even 
appear, superficially, to be lazy. 

(6) In the applied research and de- 
velopment activities those with engineer- 
ing schooling appear to be in the ma- 
jority but there are many with training outside the pale of “pure” science tradi 
as physicists, chemists, and mathemati- tion. Seientifie knowledge is the most 
cians. This seems to come about as a_ essential tool of their operation, but no! 
result of the team approach to problems. the end object. 

(7) Though there is a larger propor- 
tion of graduate degrees than in the rou- 
tine phases of engineering, graduate de- Examples of the work of the sophisti 
grees appear to be no requisite for cated school of engineering 
success. A Ph.D. degree seems to help find. They involve the work of 
but it is no guarantee of suecess and no people of many interests and background, 
safeguard against sterility. but they all call for the skilled mind of 

(8) More often than not they are poor tho engineer (whatever may have beet 
salesmen and somewhat less than social A, 
suecesses. Whether they succeed in spite 
of or because of this, I am not prepared 
to guess. 

(9) The most outstanding and most im- 
portant characteristic in common is that 
they are always acquiring or developing 
new mental tools, by self study, impro- 
vising new tricks of scientifie approach, '¢W samples : 
exchanges of ideas with colleagues, or by 


(1) They deal with items that ar 
as distinct from minor modificati 


already existing devices, processes 07 
tems. This removes them from th 
tine engineering categories. 

(2) Their objective is not to 


knowledge for knowledge’s sake (h 


ever interesting and intriguing that m 
be) but to produce some thing new, usi 
ful and usable. This sets their activit 


Examples 


his academic background) who knows and 
uses new scientific tools within the fram 
of reference of engineering applicatior 
Some of the examples to be cited repr 
sent past or very recent successes. Others 
are items that are still “in work” and 
practical suecess is not yet assured. 


(1) Chemical Syntheses 

formal course work. (a) The development and use 
As an appendix to these observations, nylon—probably the top ex 

it should be noted that many engineers ample of a truly new, entirel; 

and scientists get into and prove very synthetic, specific inaterial tor 

effective in administrative and executive mass use 

positions without having had any out- The large series of aromat! 

standing accomplishments as scientists or compounds from the straight 
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chain, or aliphatic, materials of 
petroleum recently announced 
by the Carbide and Carbon 
Chemical Corporation 


°) Pharmaceuticals 


Q) 


(a) The mass production of peni- 
cillin and other mold-generated 
specifies 

(b) The semi-synthesis and produe- 
tion of cortisone 


}) Eleetronie Devices 


(a) Modern television 

(b) Radar 

(c) The proximity fuse 

Communications Systems 

(a) The coaxial cable 

(b) Ultra high-frequeney radio 

Nucleonies 

(a) The atomie bomb 

(b) Production of tracer materials 

Power Devices 

(a) Atomie stationary power plants 

(b) Atomie propulsion of ships and 
aircraft 


(ce) Jet propulsion and other ap 
plications of the gas turbine 

(d) Ram jet engines 

(e) Liquid rocket motors 


Control Systems 

(a) Automatie navigation and auto- 
pilot systems for aircraft 

(b) Guidance systems for onided 
missiles 

(c) Industrial 
tems 

(d) Automatie control systems for 
complicated chemical syntheses 

Metallurgy 

(a) The production and use of ti- 
tanium and its alloys 

(b) The production and use of cera- 
mels (combinations of ceramics 
and metals for high tempera- 
ture work) 


power control 


SVSs- 


Computers 

(a) As used in gunfire and guided 
missile control systems 

(b) As used in flight simulators to 
work out aircraft flight prob- 
lems and for training 
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10) Aeronauties 
(a) Development of successful heli 
eopters 
(b) Development of supersonic air 
planes and guided missiles 


Anyone can quarrel with the incom 
pleteness of the above list, but it is only 
He ean 


with the classifications or 


intended to be a small sample. 
also quarrel 
groupings, but one of the characteristics 
of modern developments is that they re- 
fuse to be simple, or confine themselves 
The primary 
characteristic of the above items 


to single, rigid categories. 
is that, 
in no ease, were (or are) the answers 
to the key problems to be found in then 
existing hand Seldom 


complete answers to be 


hooks. were the 
found in 


the latest literature of pure science. 


even 
The 
marshalling and integration of all avail 
able knowledge fre- 
quently the discovery of substantial blocks 
of new basie information was necessary. 


was required and 


It is the engineer (whether his academic 
handle Says he is one or not) who pushes 
items through to sueeessful 


these con- 


clusion. It is fairly evident he eannot 


escape being a good scientist, too. 


Teamwork Ne cessary 


The second major characteristic of all 
the list is that 
project was dependent on the work and 


items in success of the 


talents of many individuals. In no ease 
in the list could the scientific and engi- 
neering man-power requirement tor a par- 
ticular project be numbered in less than 
hundreds. In most eases, thousands were 
necessary ; hence, the inevitability of large 
teams, with their attendant administration 
problems, in modern engineering proj- 
So despite my best efforts to con- 
fine my observation to that type of engi- 
neer who must be a scientifie individual, 
I find myself coming full circle and saying 
that this rare and valuable individual 
must still be imbedded in a complex socio 
logieal matrix. 

We now come to the crux of the dis- 
cussion—the question: So What? Though 
I will admit that it is highly unsports- 


ects. 
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manshiplike, I’m going to renege on at- 
tempting to answer that, for the two 
speakers who follow have that pleasant 
task, as representatives of education and 
of industry. Before turning the matter 
over to them I would, however, like to 
point out two almost self-evident facts: 


(1) The edueation of the en 
la scientist, must continue t 
out his entire professional |\; 
(2) Both educational institutio: 
industry have, not only an int 
but a duty to perform, in th 
tern of never-ending educat 


College Notes 


J. H. Potter of the University of I- 
linois and T. Stephen Crawford of the 
University of Rhode Island have been 
granted leaves of absence to participate 
in the E. I. du Pont de Nemours and Com- 
pany program “A-Year-in-Industry” for 
engineering educators. 


Joseph V. Foa, head of the Propulsion 
Branch of the Cornell Aeronautical Lab- 
oratory at Buffalo, has joined the faculty 
of Rensselaer Polytechnic Institute. He 


has been appointed a professor in the De- 
partment of Aeronautical Engineering and 
will do research and teaching in the theory 
and application of jet propulsion and 
combustion. 


W. R. Van Voorhis of Fenn College 
has been appointed Visiting Professor of 
Engineering Administration at Case In- 
stitute of Technology; he is also a mem- 
ber of the Case Operations Research 
Group. 


Two major grants amounting to $1,000,- 
000 by The Ford Foundation to the Mas- 
sachusetts Institute of Technology for 
the support of research in the newly estab- 
lished Center for International Studies 
have been announced by President James 
R. Killian, Jr. 


Construction started on Nov. 17 on a 
new engineering building at the Univer- 
sity of Wichita. The building, which 
will house offices, classrooms and drafting 


rooms for the school’s tive engin 
partments, will be completed in tir 
use in the fall of 1953, according 1 
ent plans. 


John M. Russ was appointed I 
the Department of Engineering Dr: 
at the State University of Iowa, re})! 

F. G. Higbee, who has retired. H 
will continue to serve the University « 
part-time basis. M. L. Betterley was 
pointed Associate Professor in the sa: 
department. 


By action of the Board of Trustees, || 
Russell Beatty has been named Act 
Dean of Pratt Institute’s School of k 
neering, replacing Nelson S. Hibshmia: 
who is resigning to aecept the position o: 
Assistant Secretary of the American In 
stitute of Electrical Engineers. 


The nations’s first graduate School 
Industrial Administration at Carnegie 
Institute of Technology was dedica' 
recently. The featured speaker at 
formal dedication ceremonies was Sidi 
A. Swensrud of the Gulf Oil Corporation 
Carnegie’s graduate School of Industr 
Administration, founded in 1949 by a six 
million dollar gift from the W. L. an 
May T. Melon Foundation, aims to pr 
vide young men with potential for lead 
ship, fundamental training in manag: 
ment and engineering, and in responsi!) 
ity for citizenship. 
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Vice President in Charge of Research, Allis-Chalmers Manufacturing Company 


Introduction 


In the last forty years industry has 
changed more perhaps than in the pre- 
vious hundred years, yet it has been re- 
ported! that in most engineering colleges 
the curricula in at least civil, mechanical, 
mining and electrical power engineering 
have not changed materially in that time. 
Since engineers are trained primarily for 
industry, it would seem that with the 
revolutionary on which 
make industrial processes more scientific 
and more highly technical, the engineer- 
ing courses should have been changed to 
adapt them to industry’s needs. 

The census figures show that in 1900 
one graduate engineer was hired for each 
250 workmen in industry. In 1950 one 
graduate engineer was employed for each 
}2 workmen and industry was asking for 
Inany more, 

Taggart in a recent article’ has said 
‘Engineering education today is like a 
crazy quilt of somber wools and gaudy 
shoddy, chain-stiteched on an academic 
assembly line, and sold at ever mounting 
prices to inexperienced youths for life- 
Each engineering school offers 
a half-dozen or so patterns with essen- 
tially the same skimpy wool content. 
Sales appeal is in the color of the shoddy, 

1 Thorndike Savilk, ‘‘ Engineering Educa- 
tion in a Changing World,’’ Journal of the 
American Society of Engineering Education, 
Vol. 41, p. 4, 1950-51. 

* Arthur F. Taggert, ‘‘ Education for En- 
gineering,’’? Mining Engineering, Vol. 4, 
No. 8, p. 770-774, August 1952. 
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denoted by the hopeful adjectives chemi- 
cal, civil and the like. This article is 
argument for an all-wool product made 
by slow, careful handwork. Bluntly it 
proposes a thorough four-year under- 
graduate drill in fundamental science and 
general engineering empirics, leavened by 
continuing study of the third of the en- 
gineer’s troubles: Man.” 

This discussion is limited to the techni 
cal portions of the engineer’s training. 


Preindustrial Training 


Since industry has become so complex 
and because it is continually changing, it 
is imperative that the engineer be trained 
in the fundamentals of science rather 
than the specific “practical” courses of 
any one industry. In fact, industry today 
with its indoctrination courses will train 
engineers with the most modern equip- 
ment and pay them well while so doing. 
Isn’t this preferable to the student to tak- 
ing up time in the engineering school try- 
ing to learn such subjects on equipment 
that is often obsolete. 

None of the thousands of engineers on 
atomic energy projects could possibly have 
had specific courses in this particular 
field. Yet many physicists, chemists and 
engineers were able to adapt their funda- 
mental training to this entirely new field. 
The only way an engineer can adapt 
himself to the new things developed after 
he has finished his formal training is to 
have his training embrace enough funda- 
mental science so that he is able to make 
new applications of that science when- 
ever necessary. 
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Augustine B. Kelley in a recent article ° 
shows that the engineer is essential in the 
highly mechanized coal industry in the 
United States. Because of its mechaniza- 
tion our coal industry produces about 
four times as much coal per man as the 
next best producer. Also in the utiliza- 
tion of coal in such applications as the 
coal burning gas turbine highly scientific 
engineers are necessary. 

In the oil industry science is used from 
geophysical prospecting to the synthesis 
and rearrangement of hydrocarbons to 
obtain the maximum antiknock properties 
in gasolines. The recent development of 
petrochemicals has opened up a whole 
new field for the application of physics 
and chemistry in the engineering of these 
products. 

Allis-Chalmers Manufacturing Com- 
pany makes about 1600 different items 
from tractors to hydraulic turbines. No 
possible engineering course could cover 
the specific manufacture of half of these. 
Yet all of them are based fundamentally 


on physics and chemistry with mathe- 
maties as the shorthand for expressing 
chemical and physical facts. 


Engineering Training in Industry 

Industry has not assumed that the 
universities have trained engineers in its 
specialized procedures. But it would like 
to be able to assume that the engineer 
has had a broad fundamental training so 
that he can adapt himself to industry’s 
special needs. To this end industry has 
set up various training methods. The 
larger companies have formal courses, 
and the smaller ones depend more on 
personal instruction by older engineers. 

A well known example of training sup- 
ported by industry is the Institute of 
Paper Chemistry at Appleton, Wisconsin. 
In addition to paper technology, science 
courses are given and graduate degrees 
are conferred. The graduates of this 


8 Augustine B. Kelley ‘‘The Engineer— 
Key to Coal Progress,’’ American Engineer, 
p. 7-10, August 1952. 
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course have made very good records 
the paper industry. 

The Humble Oil and Refining Conan, 
has courses of graduate level given by 
outstanding engineers and scientists fro 
universities, who are invited to participate 
in this program by giving lectures 
seminars in their various specialties, 

Courses in reactor technology are given 
engineers from industry at Oak Ride 
This training gives them the proper back 
ground for the design of equipment to 
be built by industry for the Atomic En 
ergy Commission, and for the eventual 
use of atomic energy by private industry 

In many cities, universities give evening 
courses for engineers in industrial plants 
For example in Milwaukee, the Univer- 
sity of Wisconsin gives graduate courses 
in Mechanical, Chemical Metallurgical, 
and Electrical Engineering. Research 
work for the master’s thesis is done in 
the plants where the engineers are em- 
ployed. During the last acadmie year 
170 graduate students were enrolled. The 
enrollment for graduate work leading to 
the master’s degree has steadily increased. 

The courses are taught by regular fac- 
ulty men from the College of Engineering 
at Madison. The student registers in and 
receives his degree from the Graduate 
School of the University of Wisconsin 
exactly the same as if he were in residence 
there. This enables an engineer to work 
tull time and obtain a master’s degree 
in two or three years by taking his gradu 
ate courses in the evening and doing his 
research work in the Company’s labors 
tories or plants. 

A University Cooperating Committee ot 
the Wisconsin Society of Professional En 
gineers composed of engineers from in 
dustry has studied many of the engineer’s 
problems. The writer has been a member 
of this committee for a number ot years 

The Technical Institute was studied to 
determine its place in the educational! and 
industrial engineering fields. It was re 
ommended that the Technical Institutes 
be encouraged to train men for specifi 
jobs to aid engineers in industry. This 


il 
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training should be given in technical in- 
stitutes not directly connected with the 
University. The courses should be special- 
ized and terminal in nature and should 
not be accepted for credit in the engineer- 
ing college of the University. The fune- 
tion of the technical institute graduate is 
to do what might be termed sub-engineer- 
ing jobs so that engineers may be used 
only for professional work. One of the 
best ways to alleviate the shortage of 
engineers is to use them for only truly 
engineering functions in industry. The 
technical institute graduate ean thus re- 
lease engineers for the real work for 
which they have been trained. 

The medieal profession for many years 
has used nurses, X-ray technicians, thera- 
pists, and other sub-professional help to 
aid the physician and hence free him to 
direct the medical program. 

The University Cooperating Committee 
next studied a course in fundamentals for 
non-specialized engineering training and 
it was decided that such a course was 
very desirable from the industrial stand- 
point. A course was recommended which 
would consist approximately of : 
Mathematics 28 
Chemistry 26 credits 
Physics 33 credits 
Engineering Fundamentals 33. eredits 
Humanities 24 credits 


credits 


Total 144 credits 


This would be a four vear course with 
a preponderance of science and would 
lead to a degree of Bachelor of Science 
in Engineering. Specialization would be 
left for graduate studies. 

Thus a committee of representative en- 
gineers of long experience in industry 
has indieated that there is a need for en- 
gineers trained in fundamental science, 
and that these engineers can be released 
for such fundamental work by providing 
Technical Institute graduates to do sub- 
professional work. 

It is often said that fundamental courses 
are all right for large companies that have 
training programs, but that small com- 
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panies require engineers trained in spe- 
cialties so that they can start work at once. 
One of the members of this committee is a 
mechanical engineer who owns a small 
company manufacturing mechanical equip 
ment. He believes that a broad funda- 
mental training is very important in a 
small company where the engineers have 
to be versatile because the company ean 
not afford an engineer for each specialty. 

Allis-Chalmers has had a training pro- 
gram for many years for graduate en- 
gineers. This training costs the company 
about $10,000 per year per man. It con- 
sists of lectures and on the job training 
in various departments. The same train- 
ing is given to all engineers regardless 
of specialty. In the reeruiting of engineer- 
ing graduates no specialized training is 
required of these graduates. A sound 
background of good scholarship in funda- 
mental subjects is one of the principal 
standards for picking the man. 

In addition to the practical training 
given in the Allis-Chalmer’s plants, courses 
also are given in graduate engineering 
subjects by members of the faculty of 
the Illinois Institute of Technology. 
These courses may be used for a Master’s 
Degree. The instructors come to the plant 
to give the courses in the evening. The 
Company pays a third of the engineers’ 
tuition upon registration for a 
and another third upon satisfactory com- 
pletion of the course. A number of men 


eourse 


obtain advanced aegrees in engineering 


each year in this or the 
University of Wisconsin’s graduate 
courses given in Milwaukee. Research 
work for the thesis may be some problem 
that is being worked on for the company 
on company time or it may be a problem 
of no direct interest to the company. In 
the latter case the work is usually done 
on the student’s time, but with company 


equipment in the plant. 


way throngh 


Value of Fundamental Scientific Training 
in Industry 


Kngineers usually enter one of four 
major fields in industry: 
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1. Design. 

2. Production. 

3. Sales. 

4. Research and Development. 


Scientific training is valuable for de- 
sign because it provides the basis for the 
creative work necessary. It gives the 
design engineer the background that en- 
ables him to design machines and proc 
esses that will work commercially, and 
that will not violate some fundamental 
laws. Design is similar to research in 
that it requires imagination and an ability 
to visualize new equipment and processes 
and also new uses for old equipment. A 
sound background of science is necessary 
to enable the design engineer to read its 
literature and hence utilize all new dis- 
coveries to produce modern equipment. 

Engineers employed in production in 
today’s intricate manufacturing must be 
well schooled in science because produe- 
tion is no longer an application of brute 
strength to the fabrication or processing 
of materials; it is no longer a “eut and 
try” procedure; nor is it a sterile follow- 
ing of conventional patterns which have 
proved successful in the past. But rather 
it is an application of scientific principles 
to operations to give maximum efficiencies. 
Often production engineers are able to 
make improvements in processing that 
eliminate much expensive labor. Since 
modern production equipment is highly 
scientific, an engineer who operates and 
maintains this equipment also must know 
his science. Quality control by statistical 
analysis is an example of the use of sci- 
ence in manufacturing. Machining also 
has been improved as the result of sei- 
entific studies on metal removal. 

Sales engineering is a field with in- 
creasing interest to engineers. Although 
this field is often entered by many with- 
out engineering training, nevertheless 
sales engineering is a real profession and 
requires scientific knowledge. The prod- 
uets of highly scientific design and manu- 
facture can be sold only if they fit into 
the customer’s plants and processes. A 
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wide variety of conditions and needs are 
encountered by the sales engineer. yp 
must be able to discuss each customer 
technical problems with engineers j; 
business. It would be impossible ¢, 
engineers in such a wide variety o{ 
nologies, but a basie training in « 
allows the sales engineer to quick): 
derstand and adapt himself to any 
special conditions he meets. 

In research and development, it 
ally conceded that a thorough knowled 
of science is essential. Here on the fro 
tiers of knowledge, only the guid 
of the fundamental sciences ean bi 
as the take off for expeditions into thy 
unknown. There is no dividing line }y 
tween the scientist and engineer in 
search and development. The data oh 
tained in this field are necessary for us: 
by the design engineer to enable him { 
design large scale equipment and pro 
esses. The future of all manufacturing 
and engineering is determined by re 
search. Only by having a 
knowledge of seience ean an 
progress in research, and to get th 
knowledge graduate training is desirab\k 

About half the engineering students 
do not practice engineering as a life 
work. They may go into patent lav, 
purehasing, construction, or any business 
funetion. Can these engineers profit hy 
scientific training? I think they ear 
Science is simply common sense or logic 
applied to natural phenomena. The sci 
entist gets the facts and weighs the im 
portance of each before coming to a de 
cision. This is good training for almost 
any life career. It is much better thar 
specialized engineering training for which 
these engineers will never have any ust 


thoroug] 


enviner) 


Industrial Needs for Scientifically 
Trained Engineers 


Industry requires engineers who have 
had four years of study in the funda 
mental sciences such as physics, chem 
istry, mathematics, thermodynamics, ele 


tricity and mechanics. Such graduates 
in non-specialized engineering should the: 








MODERN ENGINEER SHOULD BE EDUCATED AS SCIENTIST. I 273 


enter industries’ training programs or 
should take graduate work in the uni 
versities for advanced degrees. 

These engineers should be used for pro- 
fessional duties in industry with Techni- 
cal Institute graduates and other tech- 
nician’s help to assure maximum utiliza- 
tion of limited numbers of basically 
trained engineers. Such education and 
utilization of engineers will raise the 
standards of engineers and assure in- 
dustry of an ample supply of adequately 


trained men. 


There is not complete agreement in 
academie circles on the advisability of 
fundamental training of engineers and 
their graduation without designation. 
Therefore, it is suggested that a course 
in “Fundamental Engineering” be estab 
lished in engineering schools as an alter- 
course with present specialized 
courses. It is believed that with ecompe- 
tent and enthusiastic faculties for this 
course its graduates will be so suecessful 
that eventually industry will demand en- 
vineers with this fundamental training. 


nate 


College Notes 


Charles Pratt, President of Pratt In- 
stitute, has announced his intention of 
retiring. He will, however, continue to 
serve until his successor is appointed. 
The Board of Trustees has signified its 
intention of electing him its chairman at 
that time, thus preserving the continuity 
of his service. Mr. Pratt, who is a grand- 
son and namesake of the Founder of Pratt 
Institute, took over its chief administra- 
tive post from his father, the late Frederic 
B. Pratt, in 1937, and has been its execu- 
tive officer during its transition from a 
technical institute to a degree-granting 
institution. 


After eight months as Acting President 
of Fenn College, G. Brooks Earnest has 
heen elected to the presideney of the 
Cleveland college. 


A new Acousties Laboratory where sound 
that man cannot hear, as well as audible 
noise, will be investigated has been estab- 
lished in the Engineering Center at Co- 
lumbia University. When completed, the 
Laboratory will provide facilities for re- 
search and instruction in electroacous- 
ties, architectural acoustics, ultrasonies, 
psycho-acousties, speech, noise control, 
und musical acoustics 


Dexter S. Kimball 


Dexter S. Kimball, former Dean of Engineering at Cornell University 
and a Past President of the American Society for Engineering Education, 


passed away on November 1, 1952. 


For more than half a century, Dean 


Kimball was one of the best known and best loved personalities on the 


Cornell faculty. 


He was nationally prominent in the field of engineering. 


Dean Kimball was born in New River, New Brunswick, Canada on 


October 21, 1865. 


He received the A.B. degree in engineering from Stan 


ford University in 1896 and the degree of mechanical engineer from Stan- 


ford in 1913. 


He held honorary degrees from the University of Rochester, 


Case School of Applied Science, Kansas State College, Northeastern 
University and Lehigh University. 

He was honored by several scientific societies and received the Lamme 
Award from the ASEE in 1933. 
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It is probable that you would take many weaving of cloth, the multitudinous s\. 
young engineers by surprise if you told tems of transportation, and even the win 
them that they should be educated as sci- less, in the face of an inadequat 
entists. They would point out that engi- often erroneous statement of basic theo 
neers are men of decision, of accomplish- Many of the great inventions of our tiny 
ment, that they get things done in the came into being without the benefit o: 
framework of the hard eold world. The — science, and often in spite of the pre 
significance of an education in seience be- tions of eminent scientists. 
comes clearer, however, if they appreciate But engineering and science are 
first, that professional engineering is the — relatively young and growing fields 
application of the practical accomplish- only a mere two hundred years or so si: 
ments of the scientist to the service of | systematie scientific research began to 
mankind, and second that engineeying as a hold in the great universities ot 
practiced in the mid-twentieth century has world. While science was young 
a much more scientific flavor than it had growing, common sense and intuition sti 
only a few decades ago, and third that found great scope for application in eng 
many scientists have demonstrated talents neering. Up to about the turn of the ce: 
that present day engineers would do well tury engineers were able to pioneer 
to emulate. The words “as a scientist” many new fields even though they did 1 
then acquire a subtle meaning, but they know all the fine points as to the 
should not be interpreted too narrowly for Their problems were such that to k: 
this discussion. It is more to the point to the how was sufficient, for their tasks wer 
say that engineers should be educated largely to perform orderly arrange 
“with depth in the sciences” rather than of the known experiences of their da 
say “as a scientist.” During this period much of the study 

If we take a look back and review the _ the physical scientists was concerned wit 
growth of technology as Professor Good- the establishment of truth within the te 
let * has done in a paper he read before nical world then created by engineers 
the Institute of Electrical Engineers of Then, as a consequence of these trut 
South Africa, we may note several signif- of the scientist there gradually spr 
icant facts. For example, throughout the throughout the various fields of enginee! 
period of the first industrial revolution, jing a demand for a quantitative exactness 
technology was such that many engineers of statement about more and more thing 
succeeded in accomplishing great engineer- Engineers soon learned the value of qua! 
ing feats—the building of bridges, the de- titative design as a substitute for eu 
sign and manufacture of heat engines, the pericism. The establishment, early in th 

*Goodlet, B. L., ‘‘The Universities and 19th century, of professorships in eng! 
the Engineering World.’? Trans. S. A. Inst, neering in universities and of the technica 
Elect. Eng., Aug. (1950), 231. institutes that have since attained full in- 
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ternational professional stature resulted 
largely from this demand for quantitative 
exactness. 

Engineering is Complex 

3ut the situation today is in marked 
contrast with what it used to be. The 
complexities of engineering technology 
and the demands for creative engineering 
are far greater than those of even a decade 
ago. A sharpening up of old emperical 
tools is no longer sufficient. Engineering 
has become vitally dependent on science, 
and abstract scientific analysis often calls 
the shots for engineering. As a result of 
the accumulated know-how of several gen 
erations of concentrated engineering aided 
by pure and applied scientifie effort, we 
now have a vast store of fundamental 
knowledge. ‘Thus, technical education as 
we think of it today has a digestion prob- 
lem. Obviously, the solution is not merely 
to demand more of a student’s time for 
professional study. In fact, modern de- 
mands for the education of the “whole en- 
vineer” resulting from the vast social in 
fluence he now wields, have encroached on 
the time formerly available for profes 
What then has hap- 
pened, what must happen in the years 
ahead? 

Fortunately, we are aided in small 
degree by the feedback process inherent 
in our social system. The day-by-day 
activity of our youth is eonducted in 
an environment that is heavily technical 
—in the home, in school, and even at play. 
The effect is to augment a young en- 
gineer’s motivation tor technical study. 
Then to, as the tempo of life has quick- 
ened, the high schools and preparatory 
schools have inereased their skill at pre- 
paring boys for assimilating concentrated 
courses in mathematics, physies, chemistry, 
engineering, and humanities. But we ecan- 
not expect too much here and assume that 
high schools exist merely to prepare boys 
for college; their job is also to train 
youngsters for life. Neither can we as- 
sume that we have an inexhaustible pool 
from which to draw, for as Dean Hollister 
mentioned in his inspiring presidential 


” 


sional activities. 
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address at the Annual Meeting at Dart- 
mouth this summer we cannot expect any 
great inerease in the percentage of high- 
IQ youngsters that will enter engineer- 
ing. This situation is serious in the face 
of an increasing demand for engineers. 
Hence, we must make the most of those 
whom we get and upgrade them, techni- 
cally and in creative capacity, above the 
level we have heretofore believed adequate. 


Creative Synthesis 


In making the most of what we ean get 
we must not be deluded into thinking that 
our job is merely to turn out knowledge- 
able young men, walking encyclopedias, 
full of facts. On the contrary, we should 
aim to produce a person trained in basie 
principles and skilled at applying what we 
mean by creative synthesis in new complex 
engineering situation. The need is for 
composers in contrast with mere arrangers. 
To this end, the sifting of curricula con- 
tent in colleges and universities must con- 
tinue. Our faculties must comprise more 
outstanding men. Our skill at diseriminat- 
ing between fundamental fact and mere 
useful knowledge in terms of today’s tech- 
nology must continue upward. Above all, 
more and more of us must realize that the 
engineer of tomorrow cannot be a person 
who merely makes decisions and gets an- 
swers to today’s problems. He must not 
be merely a high-powered technician. On 
the contrary, he must be that kind of pro 
fessional individual whose knowledge of 
the modern fundamental discoveries of 
science is first rate; he must be able to 
sense those discoveries from which will 
spring the great new engineering develop 
ments of tomorrow; he must have experi- 
enced the thrill of creative accomplishment 
in an environment where the fundamentals 
of science are practiced. He must not 
have been reared on mere drill at problem 
solving. The decisions and answers he must 
make are those that pertain to the new and 
unplowed areas of applied technology if 
he is to attain the stature of a creative 
engineering leader of the mid-twentieth 
century. The forward looking engineers 
and educators of today clearly realize— 
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as Professor Goodlet says—that “science 
until recently the servant of engineering, 
is becoming its master and that advances 
in engineering are now often made not by 
engineers but by scientists.” 

As an illustration of the close coupling 
of science and engineering let us take a 
look at any of the present-day growing 
tields of science or those that have re- 
cently reached the domain of engineering. 
In the early phases, the topic was full of 
problems that were of a challenging ab- 
stract kind and attracted the attention of 
scientists who found opportunity for ab- 
stract theoretical thinking. Their efforts 
pointed up many problems that required 
scientific study and culminated in throw- 
ing up an umbrella of sound scientific 
thought. Working in concert with them 
were the people whom I call engineers. 
They knew their fundamentals, they were 
bold and creative and they had an urge to 
apply their efforts to today’s needs. They 
in turn sifted, codified, and tabulated the 
scientific theories so that the issues even- 
tually became clearer, the useful distin- 
guishable from the interesting, and they 
applied the results to the benefit of society 
and industry. Finally great waves of peo- 
ple who are often called engineers, but 
who are perhaps better thought of as prae- 
titioners or technicians, were swept under 
this umbrella and produced, sold, and 
serviced the efforts of the engineers in the 
daily market. The engineers of whom I 
speak here will certainly not bother to 
argue the words—“trained as Scientists”’ 
or “trained in science.” 


Illustration 


Another illustration of this close coup- 
ling is the importance that industry: at- 
taches to science and research and its 
dependence on them for sustained success. 
All organizations in the great industries 
of today, such as mechanical, electrical, 
chemical, aeronautical, maintain their own 
research organization or have their engi- 
neers keep abreast of the professional lit- 
erature wherein the results of research in 
pure and applied science are reported. In 
modern times the new developments in 
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industry result from the synthesis }) 
gineers of new discoveries in pur 
applied science. The interval fro 
time of discovery of new scientifi 
nomena and theories to their indus 
exploitation is today only a matter of , 
few years at most. Because of this tempo. 
we have been forced into an operating 
system in which large groups of noneo) 
formist engineer-scientist teams opers 
with a very clear plan of coordinated ¢! 
fort. You will agree, I hope, that any ex 
gineer who does not know his scie: 
would be a technically illiterate membe 
of any such team. 

But not every engineer trained as a 
scientist will practice engineering in the 
company of scientists or in a creativ 
environment, or spend any of his own 
time in abstract thought. Many will be 
concerned wholly with bread and butter, 
or cookbook engineering rather than with 
the advancement of technology. A sound 
education in the sciences is an unneces 
sary if not an undigestible luxury for a 
cookbook engineer, but I would hope that 
engineering schools of the future will 1 
duce to a minimum the number of cook 
bookers among their all to few students 
Spoon-feeding with facts is not the whole 
aim of modern engineering education. 
Admittedly we must do some of it as part 
of an undergraduate program, in getting 
started so to speak, and certainly many 
students whom we admit will fail to meas 
ure up to our ideals yet still will serve 
humanity well. Our goal, however, must 
he to choose our raw material wisely, to 
salvage as many as possible from those 
who stumble along the way, and to offe: 
graduate opportunities for as many as 
have the appropriate intellectual capacity 


Aims in Educating Engineers 


An analysis of these situations leads to 
the conclusion that the education of the 
leading engineers for a creative profes 
sional career should have the same or 
nearly the same characteristics or quali- 
ties as the education of the scientist 
with, however, the stipulation that it 
make them good engineers and not medi 





MODERN ENGINEER SHOULD 


ocre scientists. That is to say, these engi- 
neers must, in addition to knowing science, 
know the practical world. Their concern 
is basically one of practical utility, but 
of tomorrow’s vintage, not vesterday’s. 
Their job is to satisfy the material needs 
and desires of people within their willing- 
ness or capacity to pay. They must be 
leaders of men. They must consider man- 
ufacturing problems, labor conditions, and 
above all have sound judgment. They can- 
not be mere tradesmen or technicians, since 
they must make use of the accumulated 
knowledge and techniques of the mathe- 
matician and the scientist, as well as use 
all the tricks of their own trade. While 
being primarily interested in knowledge 
heeause it is useful, in contrast to the sci- 
entist who is interested in knowledge to 
uneover the truth about the real world, 
they do not restrict all their interest to 
knowledge that is useful today. Their 


sights are upward—they clearly have their 
eves set on tomorrow. 

So much for the aims. 
how well do we live up to them? 


As edueators 
Two 
general matters will bear discussion, 
namely, (1) as science advances and as 
engineering becomes more scientific do 
we keep up-to-date in the matter of eur- 
riculum substanee, and (2) do we create 
as often as we should the best environ- 
ment for teaching engineering? 

On the question of curriculum take for 
example the situation that exists now in 
college physies. The last deeade has wit- 
nessed a tremendous growth in so-called 
modern physies with the birth of atomic 
physics and physies of the solid state, 
just to cite two new fields. A knowledge 
of both is important to modern engineers. 
Sut the eurriculum hours for teaching 
physics are limited. Hence it is essential 
that we review the distribution of aca- 
demie effort within the science and engi- 
neering departments as a continuing 
activity and be constantly alert to op- 
portunities which would result in the 
engineering departments teaching much 
of the classical physics as an integrated 
part of engineering, while the physies 
departments use their allotment of time 
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to teach modern physics to engineers. Be 
cause of the heavy expenditures of time 
and money associated with any program 
of modernizing laboratory courses, I sus 
pect that many of us have failed to incor 
porate in engineering laboratory courses 
much subject matter that is now taught 
in freshman and sophomore physies lab 
oratory just because it always has been, 
when actually it could greatly strengthen 
the engineering subject. 

Similar remarks can be made about the 
teaching of mathematies. As engineering 
has continued to upgrade, the substance 
of mathematics has become and 
more an integral part. Not many years 
ago function theory, operational methods, 
Fourier transforms, and Fourier series 
were taught exclusively by the mathematic 
departments. They were rarely used or 
even mentioned by engineers, except per- 
haps in graduate work. Now they have 
become indispensible tools in engineering 
subjects such as cireuit theory, applied 
mechanies, and so forth. Mathematics 
courses for engineers have thus been freed 
to treat more advanced topies and give 
more training in abstract thought. 


more 


Improvement in Teaching 


In spite of all the ASEE meetings that 
diseuss the teaching of engineering we 
still observe need for improvement. The 
substance may be all right but the subject 
often does not take. Is it because we 
fail to give the student those concepts 
that will allow him to be creative and fail 
to show him how to use them? Do we 
stop short in presenting fundamentals 
in order to reach the handbook stage of 
so-called engineering design? Do we teach 
rather than educate? Speaking strictly 
as an electrical engineer, it seems to me 
that many students graduate with a wholly 
inadequate understanding of modern field 
theory. To many it appears as a useless 
scientifie abstraction. While most stu- 
dents can handle a statics problem such 
as plotting a field distribution or design- 
ing a simple electromagnet, too many are 
stopped dead in their tracks when the 
problem is made dynamic by introducing 





278 


time as a variable with attendant space 
propagation. The general rule seems to 
be that only students in the communica- 
tions option are expected to take field the- 
ory seriously, and these limit their interest 
wholly to radio. Perhaps the advent of 
the transistor, and the wide engineering 
interest in physies of the solid state will 
improve this situation. As another ex- 
ample, witness the recent state of the 
teaching of electrical machinery. Many 
subjects are limited to the treatment of 
the machine in the statie state. There is 
great preoccupation with steady-state per- 
formance. There is rarely much substance 
that allows a student to be creative about 
unusual combinations of fields and con- 
ductors, especially those that might ex- 
ploit non-linearities. More recently an 
emphasis on the machine as an energy con- 
version element f in a system has emerged. 
Also the subject of feedback control has 
aroused a greater interest in the dynamics 
of machine behavior with the machine here 
relegated to the status of a cireuit element 
in a complicated energy conversion sys- 
tem. While some detailed understanding 
of the design technique of specific ele- 
ments of a routine nature may have been 
lost in this evolutionary process, it seems 
to me that the student may be better edu- 
cated since his emphasis on the system 
problem and his guidance in abstract 
thinking have been increased. 


Need to Develop Wisdom 


Fortunately, however, communication 
within academic and engineering circles 
is sufficiently effectual that in so far as 
curriculum substance is concerned there 
is little point to an extensive discussion. 
Our concern is not primarily with how 
well we present our facts and figures or 
how well we build up the student’s knowl- 
edge. Rather, it is with, how well we 
sueceed in training him to use his mind, 
or with how well we inculeate in him the 
so-called scientific method and give him 

t A. E. Fitzgerald and Charles Kingsley, 
Jr., ‘‘ Electrical Machinery.’’ An integrated 
treatment of AC and DC machines. Me- 
Graw-Hill Book Co., Ine, 1952. 
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the collatoral capacity to think creatiye), 
in the abstract about basic fundaments} 
as he works with his facts and formyl, 
In other words, our concern is whether y 
achieve any development of wisdom jn ad. 
dition to imparting knowledge. And th, 
two are vastly different as so beautify 
deseribed by Cowper: 


**Knowledge and wisdom, far from 
one, 

Have ofttimes no 
dwells 

In heads replete with thoughts of other ) 

Wisdom in mind attentive to their own. 

Knowledge, a rude unprofitable mass, 

The mere materials with which wisdon 
builds, 

Till smoothed and squared and fitted to its 
place 

Does but encumber whom it seems to enric! 

Knowledge is proud that he has learned gs 
much; 

Wisdom is humble that he knows no more,’? ; 


eonnexion. Kno 


While we must not deprecate the in 
portance of factual information to a 
engineer, the item of greatest importance 
to this discussion is that whereas it has 
long been accepted that embryo scientists 
shall have training in research while i: 
college, the training of embryo engineers 
in research, or perhaps development, o1 
an organized basis is a relatively recent 
innovation. In fact, at the level that | 
believe it should be practiced, I doubt i 
it is at all widespread. In many institu 
tions there is no thesis requirement for a 
B.S. degree in engineering while in others, 
thesis is not even required for an M.S 
degree. In too many instances, the stu 
dent attends lectures, performs canned ex 
periments, and solves problems closely r 
lated to the specifie course for his entir 
four years. At no time does he have 
need, let alone the urge, to synthesize trom 
several different fundamental concepts, to 
create as an engineer. His efforts are 
wholly those of analysis limited to frag 
ments of a problem. 

But powerful forces are at work within 
engineering and science that offer many 

t William Cowper, ‘‘The Task,’’ Bk. VI 
lines 88-98, 1785. 
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precious opportunities for helping both 
teacher and student. Not only has the 
sustained cold war promoted an extensive 
amount of government sponsored research 
in educational institutions, but many in- 
dustries have realized that they must 
sponsor research in educational institu- 
tions for their own protection. I hope 


the publie utility and power industries 
come to this realization before vitality 
and creative thinking in their field disap- 
pears completely from engineering schools. 


Major Change in Thinking 


Perhaps without fully realizing it we 
are on the threshold of witnessing a 
major change in our thinking. The re- 
cent summer meeting of the ASEE held 
in interesting panel discussion on, “Train- 
ing in Research.” Speakers discussed “the- 
sis and seminar,” “sponsored research,” 
“training in research,” and related topics 
such as “pure versus applied,” “the right 
atmosphere,” and so forth. The speakers 
ill talked freely about the wonders of 
the seientifie method and of the integrat- 
ing value of research in so far as it tied 
together the various fundamentals of a 
curriculum; of the experience it gave in 
organizing an attack on a problem as the 
researcher filtered, decoded, rejected, in- 
terpreted, synthesized, and decided; of the 
effectiveness with which research brought 
opportunities for new abstract thinking 
into the environment of the engineer. 
The speakers were faculty members of 
American engineering colleges. Some 
were engineers, others were scientists. 
What they all were saying was that 
participation in a live enterprise in a 
creative scientific environment, with fer- 
tile opportunity for abstract thinking 
where men were not afraid to do new 
things and tread unworn paths, was good 
education. It seems to me that they were 
affirming the objective of this panel dis- 
cussion under a different title. 

Research or development projects in 
both engineering and science performed 
on campus under the supervision of a 
faculty member are priceless adjuncts to 
an institution’s program. It is important 
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that we insist, however, that the projects 
be such that a student can work as an 
assistant to a faculty member, or be a 
member of the engineering team and have 
the thrill of being part of a creative 
environment. In many instances he can 
handle a segment of the problem on his 
own as a thesis. In either ease, he is 
withdrawn for awhile from the treadmill 
of taking courses and given a chance to 
stand on his own feet. If properly guided 
he ean be given the collatoral experience 
of seeing the whole problem, seeing how 
subtly and surely its solution euts across 
many fields of specialization and thereby 
see, perhaps for the first time, the inter- 
relationships of substance within his eur- 
riculum. He can note how the problem 
is often first scanned in terms of such 
simple concepts as energy balance 
kinetic, potential, thermal, chemical, elec- 
tromagnetic, and so forth—that it involves 
measurement if it is to be specific, and 
energy conversion if it performs useful 
work in the real world, that the whole 
problem can be first examined in a pseudo 
abstract sense, that the tools of the mathe- 
matician permit effective abstract thought, 
that there often exist analogies of the 
whole situation in other fields. In several 
instances, he will see that the tempo of 
technology is so great that the engineer 
eannot wait for the scientist to get the 
answers to basic questions, so he must 
pineh hit himself as a scientist. When 
such conditions exist within faculties of 
engmeering schools, the student both un- 
dergraduate and graduate, has an excellent 
experience if he ean be eut in on the 
enterprise. Finally, if the problem is 
creative in an engineering sense, the 
student will see that it takes years to 
reach an objective, that he must be alert 
to the temptation to substitute lower 
standards of accomplishment for per- 
sistence and patience, and that in the 
appraisal of the multitudinous questions 
for which no quantiative data exist there 
appears the opportunity for the applica- 
tion of that something called sound en- 
gineering judgment, a vital characteristic 
of all good engineering. 
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Sponsored Research widespread use in the medical profes. 


. . . «nee i =] or } »ynshj : — 
Perhaps not all institutions are willing 1 the program of internship underty 


to have the kind of engineering enterprise by young doctors of medicine befor 

on their campus that will provide such 8 Private practice. Furtherm 

an environment. I hold the opinion that vitality and professional flavor of | 
modern engineering education needs this demic engineering Careaenens Cat 
kind of environment for the learning of advantageously nourished by close 
today’s substance and that society should flourishing industrial association 

see to it that all the schools which ean, flight of dynamic protessors from t! ' 
do. I do not think that so-called coopera- YeSity to industry can often be retarded 
tive courses, where the student is a term by establishing supine. sal eccgartinen So 
at school and a term at the works, wholly search. Clearly, an institution should de- 
meet the needs of the times though they mand the opportunity to cultivate suc 
are important in themselves. While they sociation without surrendering a 
offer an opportunity for participation in freedoms and the right to publis! 

an engineering environment, only rarely should insist on a tempo of activit 

is it as broadly creative as a college will permit of student participation 
campus can offer. The questions that Pace commensurate with an academic pro 
should be asked when making a choice of 878"; and should assure itself that 
project are not whether it is hasic or fun- Cort will contribute to the acade 


damental, applied research or develop- strength of the institution rather thar 
ment but whether : merely solve an industrial problem. [i 
. : 


holds to these requirements it will not hi 

A. The institution has in existence or trespassing on the prerogatives of commer 
potentially available the facilities cial research organizations. Obviously, m 
and staff needed for the work? stigma should attach to an academic thesis 

. The faculty has a strong interest performed on a paid job. I firmly believe 
in this kind of work, and whether jn development engineering enterprises 

it would both broaden and deepen within college departments, such as servo- 


their scholarship? mechanisms laboratories wherein genuine 
. The program falls within the areas 
of activity covered by the educa- 
tional program? 
D. The activity will offer the oppor- 
tunity for student participation? 


engineering responsibility is accepted, jus 
to cite one I know well, if modern engi 
neering graduates are to be trained t 
level of professional competence that 
times necessitate. I do not believe w 
The question of research or development far enough when we assign to eng 
work under government or industrial only small fragmentary so-called 
sponsorship is one that institutions and problems. They may be all right 
industry should face squarely. While are only searching for truth, but 
some commercial organizations may be are rarely comprehensive enough to ex- 
hostile toward university participation in ploit fully the eapacity of the engineer 
their fields, it cannot be denied that chal- 
lenging development work on a paid job 
under a professor’s direction is an ex- Case Method 
tremely valuable educational experience Closely allied to the general proble: 
for the graduate. It can considerably en- of research is the technique of engineering 
hance his usefulness as a member of an in- — jnctruction by the project or ease method 
dustrial organization. The general idea Specifie cases do not need to be new 
here expressed has tor decades been in original problems in order to be a substi 
§ Sherwood, T. K., Chem. and Eng. News, tute for research when considered in r 
Am. Chem. Soe. 2 (1950), v. 28, p. 456. lation to the student’s state of knowledg: 


for creative synthesis. 
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This is particularly true of undergradu- 
Often the best examples emerge from 


ates. 


faculty participation in research. Profes- 
or E. P. Neumann of the Mechanieal 
Engineering Department at MIT demon 


trated this a year or so ago. A group 
of his undergraduate students studying 
thermodynamics were assigned the prob- 
om of maintaining the cockpit tempera- 
ture in a supersonic aircraft at a level 
that would be aeceptable to the pilot. 
he group was told to absent themselves 
from the regular classroom session in 
thermodynamies while they handled this 
problem. Their accomplishments were 
startling to say the least. Not only did 
they learn to apply the principles of 
thermodynamics, but they uncovered and 
applied principles usually learned in other 
fields but which were here part of the 
problem. They had to learn about super- 
sonic air flow, especially as related to 
thermodynamics. They found it necesary 
to discuss the problem with people of 
various professional backgrounds. At the 
end of the term they took the regularly 
scheduled final examination and did es- 
sentially as well as the better students who 
studied the regular subject. Instead of 
submitting to the usual experience of cov- 
ering so many thermodynamic principles, 
they actually uncovered a few on their 
own. While the topic was one in which 
academic achievement could be quantita- 
tively assessed by the instructor, it brought 
into focus in a very real way several as- 
sociated disciplines of engineering, for it 
necessitated that the student obtain quan 
titative answers to real problems on a time 


schedule and subject to the limitations of 
engineering feasibility, economics, good 
common sense, and so forth. 

On another occasion a group of elee 
trical seniors were assigned the task of 
designing and promoting commercially a 
gas-discharge flash light for amateur 
photographers. Still another group of 
mechanieals tackled an improved design 
of commercial vacuum cleaner. Each 
project cut across many fields of speciali 
zation and introduced both technical and 
non-technical problems of a creative kind. 


Summary 


In conclusion, let me summarize my 
contentions as follows. Modern profes- 
sional engineering is the application ot 
natural laws and phenomena to the serv- 
ice of man. It leans heavily on the mod 
ern discoveries of physics, mathematics 
and chemistry. The future promises such 
heavy demands on engineers that the best 
of those whom we train must be developed 
to the highest state of professional skill 
commensurate with their latent talents and 
the capacity of educators to develop them. 
This calls for extensive training of engi- 
neers in depth in the associated fields of 
science in a creative environment under 
the guidance of a faculty which itself is 
creative. In addition to the inelusion of 
strong basie science courses, the curricu- 
lum should offer substantial scope for stu- 
dent participation in research or make 
frequent use of the case method of in 
struction with creative examples as a 
means of illustrating the application of 
modern science to engineering work. 
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Electrical Engineering, University of Ar- 


kansas, Fayetteville, Ark. G. F. Branigan, 


N. H. Barnette. 
FreporcHUCK, HENRY N., Assistant in Me- 
chanical Engineering, University of De- 


troit, Detroit, Mich. H. Gudebski, W. P. 
Godfrey. 

Foster, ArtHUR R., Assistant Professor of 
Mechanical Engineering, Northeastern 
University, Boston, Mass. A. J. Ferretti, 
H. K. Brown. 

GENSAMER, MAXWELL, Professor of Metal- 
lurgy, Columbia University, New York 27, 
N. Y. J. M. Garrelts, P. B. Bucky. 

GERSHON, JOSEPH J., Director of Engineer- 
ing, DeForest’s Training, Ine., Chicago, 
Ill. <A. B. Bronwell, O. I. Thompson. 

GMEINER, PAUL, Instructor in Advanced En- 
gineering Education, International Busi- 
ness Machines Corporation, Poughkeepsie, 
N. Y. R. W. Wolslegel, E. E. Moyer. 

GODDARD, WILLIAM E., Vice President and 
General Manager, Canadian Institute of 
Science & Technology, Ltd., Toronto, On- 
tario, Can. FE. A. Alleut, W. P. Ferguson. 

HuLTQUIST, PauL F., Instructor in Applied 
Mathematics, University of Colorado, 
Boulder, Colo. C. L. Eckel, C. A. Hutchin- 
son. 

JOHNSON, Ray C., Instructor tn Mechanical 


Engineering, University of. Rochester, 
Rochester, N. Y. R. R. Kraybill, R. F. 
Eisenberg. 


KLUGE, RALPH W., Professor of Civil Engi- 
neering, University of Florida, Gainesville, 
Fla. J. E. Kiker, Jr., T. L. Bransford. 

LADD, Roger E., Massachusetts Institute of 
Technology, Cambridge, Mass. T. F. 
Jones, Jr., D. C. Ladd. 

LANG, WILLIAM A., Manager, Educational 
Assistance Dept., Minneapolis-Honeywell 
Regulator Co., Philadelphia, Pa. W. J. 
Stevens, K. W. Riddle. 

LANHAM, FRANK B., Assistant Secretary, 
American Society of Agricultural Engi- 
neers, Saint Joseph, Mich. H. J. Barre, 
R. Olney. 
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Lanz, Louis T., Coordinator, Technical Per- 
sonnel Procurement Dept., Monsanto 
Chemical Company, St. Louis, Mo. R. F. 
McCook, J. J. Healy, Jr. 

LEWELLEN, JAMES G., Assistant in Aero- 
nautical Engineering, Parks College of 
Aero. Tech., East: St. Louis, Ill. N. C. 
Beck, H. R. Grummann. 

LEWIS, LAVERNE F., Associate Professor of 
Physics, U.S.A.F. Institute of Technology, 
Dayton, Ohio. J. H. Belknap, H. F. 
Marco. 

LINTON, FRANKLIN H., Director of Place- 
ment, Wentworth Institute, Boston, Mass. 
W. C. White, M. N. Arlin. 

Lisk, Harotp H., Director, Publications 
Dept., Norden Laboratories Corp., White 
Plains, N. Y. W. R. Woolrich, A. B. 
Bronwell. 

LoTTicH, Pui.ip B., Director of Admissions 
and Coordinator of the Cooperative Pro 
gram, Illinois Institute of Tech., Chicago, 
Ill. J. G. Duba, R. G. Owens. 

LUNDERGAN, CHARLES D., Acting Head, 
Dept. of Aeronautical Engineering, Parks 
College of Aero. Tech., East St. Louis, Il. 
N. C. Beck, H. S. Wood. 

LYNCH, WILLIAM A., Associate Professor of 
Electrical Engineering, Polytechnic Insti 
tute of Brooklyn, Brooklyn, N. Y. C. C. 
Whipple, J. W. Hostetter. 

MACKSON, CHESTER J., Instructor in Agri- 
cultural Engineering, Michigan State Col 
lege, East Lansing, Mich. W. O. Carver, 
W. M. Carleton. 

Marcus, JOSEPH S., Assistant Professor of 
Civil Engineering, University of Massa- 
chusetts, Amherst, Mass. M. P. White, G. 
A. Marston. 

MARSHALL, W. R., Jk., Associate Professor 
of Chemical Engineering, University of 
Wisconsin, Madison, Wis. R. J. Altpeter, 
R, A. Kirk. 

McCa.es, OMER K., Coordinator of Indus- 
trial Arts, Reedsport Union High School, 
Reedsport, Ore. G. B. Cox, R. M. Lock- 
wood. 

McCLuNG, ALFRED R., Assistant Professor 
of Electrical Engineering, West Virginia 
Institute of Technology, Montgomery, 
W. Va. P. H. Renton, M. J. Horsch. 

McFALL, RusseLt W., Manager, Technical 
Edueation Services Dept., General Electric 
Company, Scotia, N. Y. K. B. Me- 
Eachron, Jr., G. A. Rietz. 

McKEE, JEWEL C., Jr., Associate Professor 
of Electrical Engineering, Mississippi 


NEW MEMBERS 


State College, State College, Miss 
Simrall, H. P. Neal. 

MERCHANT, JOHN A., Registrar, Ass 
of Professional Engineers of the P; 
of British Columbia, Vancouver. 
Canada. R. E. Wilkins, A. D. Cri 

MICHENER, CHAS. T., Assistant Professo; 
Engineering, Pennsylvania Militar 
lege, Drexel Hill, Pa. D. H. P 
O’Shaughnessy. 

MONISMITH, Car L., Instructor in (i 
gineering, University of Califor 
eley, Calif. J. B. Franzini, E. P. | 

MorsE, FREDERICK B., Instructor in Mecha 
ical Engineering, Purdue University, 
fayette, Ind. H. L. Solberg, F. 
Hockema. 

NAIL, Paut L., Instructor in Radio Theor 
Dept., Central Radio & Television Schools 
Kansas City, Mo. C. L. Foster, N. } 
Vilander. 

NEDDERMAN, WENDELL H., Associate Profes 
sor of Civil Engineering, Texas 
College, College Station, Texas. 
Peurifoy, H. J. Miles. 

OETJEN, J. EpWarD, Assistant Professor ( 
Mechanical Engineering, University of 
Cincinnati, Cincinnati, Ohio. R. T. How 
R. L. Smith. 

PETERSON, EMIL J., Assistant Commandant, 
The Engineer School, U. S. Army, Fort 
Belvoir, Va. W. N. Underwood, T. R. 
Jones. 

PICKARD, EDWARD E., Educational Advisor 
The Engineer School, U. S. Army, Fort 
Belvoir, Va. W. N. Underwood, T. R 
Jones. 

PriIcE, WILLIAM J., Associate Professor of 
Physics, U.S.A.F. Institute of Technology 
Dayton, Ohio. J. H. Belknap, H. F 
Marco. 

ReaD, THomMas A., Associate Professor of 
Metallurgy, Columbia University, New 
York, N. Y. J. M. Garrelts, P. B. Bucky 

Reis, Irvine L., Assistant Professor of 
Mechanical Engineering, and Supervisor 
of Institutes, University Extension Divi 
sion, University of Nebraska, Lincoln, 
Neb. N. H. Barnard, J. K. Luewickson. 

RipDLE, Ropert L., Assistant Professor of 
Electrical Engineering, Pennsylvania Stat 
College, State College, Pa. V. E. Neilly 
K. L. Holderman. 

ROBERTS, ERSKINE G., Consulting and 1) 
signing Engineer, Indianapolis, Indiana 
C. L. Curtis, H. K. Downing. 

ScHNEIDER, WALTER I.., Instructor in Me 
chanical Engineering, New York Univer 








sity, New York, N. Y. A. H. Church, E. 
A, Salma. 

ScHOENBERGER, RoBERT L., JR., Instructor in 
Machine Design, Purdue University, Lafa- 
vette, Ind. A. R. Holowenko, F. J. 
sogardus. 

scHon, JAMES F., Instructor in Engineering, 
City College of San Francisco, San Fran- 
cisco, Calif. J. B. Franzini, A. E. Ed 
strom. 

SeNNE, JOSEPH H., JR., Assistant Professor 
of Civil Engineering, Missouri School of 
Mines and Metallurgy, Rolla, Mo. C. L. 
Wilson, J. B. Butler. 

SerzKE, HENRY A., Instructor in Electronics, 
DeForests Training, Ine., Chicago, Ill. O. 
I. Thompson, J. A. M. Lyon. 

Suita, Davip B., Associate Professor of 
Civil Engineering and Assistant Director, 
Engineering & Ind. Experiment Station, 
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University of Florida, Gainesville, Fla. 
J. E. Kiker, Jr., T. L. Bransford. 

Sowarsy, A. JOHN, Instructor, Division of 
Advanced Engineering Education, Inter 
national Business Machines Corp., Pough 
keepsie, N. Y. R. W. Wolslegel, E. E. 
Moyer. 

VAN ANTWERPEN, FRANKLIN J., Editor, 
American Institute of Chemical Engineers, 
New York, N. Y. C. G. Kirkbride, J. S. 
Walton. 

WARLAM, ARPAD A., Adjunct Associate Pro- 
fessor of Civil Engineering, New York 
University, New York, N. Y. G. G. Kubo, 
N. Porter. 

WEIDMANN, GEORGE P., Associate in Graph- 
ics, Columbia University, New York, N. Y. 
G. M. Allen, H. W. Vreeland. 


199 new members elected this year 


Pacific Southwest Meets at San Luis Obispo 


The Pacific Southwest Section of the Society plans its 1952 annual meeting for 
Monday and Tuesday, December 29 and 30 at the California State Polytechnic College 
at San Luis Obispo, California. Members residing in the States of California, Arizona, 
Nevada and New Mexico and the Territory of Hawaii are assigned to this section. <A 
program is being arranged under the chairmanship of C. M. Duke of the University of 
California, Los Angeles, in keeping with the society’s theme the “Year of Evaluation.” 
About twenty offers of papers have been received to date. Harold Holmes of California 
State Polytechnie College is Arrangements Chairman, Carlton E. Cherry, C. M. Duke, 
and Joseph B. Franzini are Chairman, Vice Chairman and Secretary of the section 
respectively. 





Now Available .. . 


Reprints of the Report of the Committee on Improvement of Teach- 
ing which appeared in the September, 1952 Journal of Engineering 
Education. Checks and orders should be sent to the Journal of Engi- 
neering Education, Northwestern University, Evanston, Illinois. The 
price is $8.00 per hundred and 15¢ per copy in quantities under 100. 














Young Faculty Members... . . 


PAPER COMPETITION 


ELIGIBILITY: Members of ASEE not over 36 years of age in June, 1953 


AWARDS: First prize $200—Second prize $100. 
Awards will be presented to recipients at the Banquet at ¢} 
Annual Meeting of ASEE, University of Florida, June 25, 19° 


SUBJECT: Papers should deal with some constructive phase of improvement 
of engineering education. Participants are encouraged to select 
their own subject matter and titles within the broad framework 
of improvement of engineering education. In general, ¢}y 
papers should not be of a technical nature. The following ar 
suggestions of the type of subject matter to consider: 


a. How can the student learn to deal with new and unfamilia; 
situations with originality and well-ordered professional 
thinking? 


b. What are the most important qualifications of under. 
graduate teachers of engineering? 


Each Section will appoint its own judging committee and select 
pp Juaging 

one winning paper. The winning papers from the Sections wil 

be reviewed by a national judging committee for the final awards 


SUBMISSION OF Papers can be submitted to the folowing persons in the ASEE 
ENTRIES: Section in which the participant resides: 


Section Final Date Submit Entry To: 


Allegheny April 1,-1953 LL. Zee, West Virginia University, Morgantown, W. \ 
Missouri April 1, 1953 F. H. Conrad, School of Mines, Rolla, Mo. 
National Capital March 3, 1953 L. K. Downing, Howard University, Washington, D. ¢. 
North-Midwest April 1,1953 8S. J. Chamberlain, Iowa State College, Ames, Iowa 
Ohio March 14, 1953 H. K. Justice, University of Cincinnati, Cincinnati, 0! 
Pacific-Northwest March 15, 1953 J. P. Spielman, State College of Washington, Pullm: 
Wash. 
Rocky Mountain March 10, 1953 R. E. Leffel, University of Colorado, Boulder, Colo. 
Southeastern Feb. 27, 1953 M. Baker, University of Kentucky, Lexington, Ky. 
Southwestern April 2,1953 R. D. Slonneger, University of Houston, Houston, Te: 
Upper New York March 15,1953 A. D. Taylor, 18 Campus Drive East, Snyder 21, N. Y 


The following Sections have not indicated a final date for entries, but papers submitte 
prior to March 15 will be considered : 


Illinois-Indiana - H. A. Moench, Rose Polytechnic Institute, Terr 
Ind. 
Kansas-Nebraska - M. A. Durland, Kansas State College, Manhattan, 
Michigan C. C. Winn, Detroit Inst. of Technology, Detroit, 
Middle Atlantic W. B. Plank, Lafayette College, Easton, Pa. 
New England E. T. Donovan University of New Hampshire, Durhat 
N. H. 
Pacifie-Southwest C. E. Cherry, College of Marin, Kentfield, Calif 
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THE T-SQUARE PAGE 


Officers DEVOTED TO THE INTERESTS Officers 
J. S. Rismnc 






















|. GERAR Chairman 7 

> OF ENGINEERING DRAWING H. E. GRANT 
|G. McGuire ; R. P. HoELscHER 
* H, SPRINGER JOHN M. Russ, Editor W. J a 
R. S. PAFFENBARGER ’ = . C. J. Vrerck 
‘Sorat State University of Iowa che Garwens 
C, E. Rowe 


Midwinter Meeting 
of the 
Engineering Drawing Division of the A.S.E.E. 
University of Nebraska, Lincoln, Nebraska 
January 29, 30, and 31, 1953 


The Drawing Division was invited to hold its Midwinter Meeting at the University 
i Nebraska during the annual meeting at East Lansing, Michigan. The Executive 
Committee accepted this offer and fixed the dates of January 29, 30, and 31, 1953. 
The program includes : 
Thursday, January 29: 
9:00-10:30a.m. Registration, 2nd Floor, Bancroft Building 
10:30am. Meeting, Auditorium, Baneroft Building 
Greeting: Dean Roy M. Green, College of Engineering and 
Architecture, University of Nebraska 


Response: (For the Division) Dean Jasper Gerardi, Chair- 
man of the Division 


“Reduction of Forces in Space by Graphical Methods,” Pro- 
fessor E. J. Marmo, Department of Engineering Mechanics, 
University of Nebraska 


12:00 noon Luncheon, Student Union 


1:00- 1:15 p.m. Board Buses for Boys’ Town 


(Arrive at Boys’ Town about 2:40) 
2:50- 4:30 p.m. Inspection of Boys’ Town 


4:30 p.m. Board Buses for Lincoln 
(Arrive at Lincoln about 6:00) 


7:00 p.m. Executive Committee Meeting 


8:00-10:00 p.m. Informal get-together, Faeulty Lounge, Student Union 
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Friday, January 30: 
9:00-10:00a.m. Inspection of College of Engineering and Architecture {; 
10:00a.m. Meeting, Ferguson Hall, Room 215 


1. “Opportunities and Responsibilities of Drawinc 
Engineering Educational Program,” Professor Joh 
Rule, Chairman, Section in Graphics, M.I.T. 


2. “Graphical Methods for Radium Needle Dosage Caloylg 
tion in the Treatment of Cancer,” Howard W. Vreelgy, 
Assistant Professor of Graphics, Columbia University 


3. “Effect of Emphasizing Time in the Teaching of Engines 
ing Drawing,” Professor Maurice F. Richards, Sap: 
Barbara College 


:00 noon Luncheon, Student Union 

:15 p.m. _ Inspection Trip to Elgin Watch Company 
3:15 p.m. Board Buses for State Capital 

30 p.m. Inspeetion of State Capital 


:30 p.m. Annual Dinner (Men and Women), Student Union 
Speaker: R. G. Gustavson, Chancellor, University of Nebrask 


Saturday, January 31: 


8:45am. “Manufacturing and Design Problems,” Elgin Watch Company, 
followed by discussion 


9:00 a.m. “A Short Terminal Course in Technology,” Lyle E. Young, Mi 
nesota Institute of Technology 


9:30a.m. Panel Discussion, “Objectives of a Department of Engineering 
Drawing” by panel members, C. I. Carlson (University ot 
(Michigan State); C. G. Sanders (Iowa State); J. 
Rising (Iowa State), Moderator 


12:00 noon Luncheon, Student Union 








Financing Engineering Education* 


By JOHN 


D. 


MILLETT 


Executive Director, Commission on Financing Higher Education, and Professor of 
Public Administration, Columbia University 


Sponsored by the Association of Ameri- 
ean Universities and financed by grants 
from the Rockefeller Foundation and Car- 
negie Corporation, the Commission on 
Financing Higher Education was a private 
ad hoc agency set up for the sole purpose 
of making a study and reporting its con- 
elusions about the financial problems con- 
fronting higher education today. The 
Commission earried on its work between 
1949 and 1952, held its final meeting in 
July of this year, and has gone out of 
existence with the completion of its work. 

One of the first conclusions we reached 
was that the financial problems of higher 
edueation must be analyzed in the first 
instance in terms of programs. To be 
sure, all the work of higher education is 
conducted through particular and indi- 
vidual institutions, whether they be uni- 
versities, separate colleges, or separate 
professional schools. Although each of 
these is a self-contained financial unit, 
we have found in the course of our in- 
quiry that their financial well-being must 
be considered in terms of the educational 
programs they provide. There are com- 
plications in this kind of analysis; thus 
the separate liberal arts college faces 
substantial financial difficulties which do 
not confront the liberal arts colleges of 
most universities, at least not in the same 
degree. The few separate medical schools 
still existing in this country, for various 
reasons, have financial problems different 


*Condensed from a luncheon address at a 
joint meeting of the American Society for 
Engineering Education and the Engineers 
Council for Professional Development, Sher- 
aton Hotel, Chicago, September 5, 1952. 
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from those of medical schools in univer 
sities. 
Let me illustrate with a few figures ap- 


plying to engineering education. From 
the information I have there were 135 


institutions with aceredited engineering 
curricula in 1950. Of these 135 institu- 
tions, 92 were universities (57 publie and 
35 private), 11 were liberal arts colleges 
(1 publie and 10 private), and 32 were 
separate engineering schools (18 publie 
and 14 private). This variety of institu- 
tional settings has certain definite ad- 
vantages. It means that there is con- 
siderable diversity in the environment and 
in the methods of engineering education; 
different institutions have somewhat dif- 
ferent objectives or emphasis, such as 
upon instruction and research, and serve 
somewhat different clienteles; competition 
proves useful for education as for other 
types of enterprise. 

Now institutions which offer very dif- 
ferent kinds of educationa’ programs 
cannot be compared financially, one with 
the other, as institutions. Their total cost 
figures or their total income figures are 
meaningful only in terms of the educa- 
tional objectives they serve to realize, 
whether these be liberal, professional, or 
graduate study, or research. Accordingly, 
we have endeavored in our studies, inso- 
far as possible, to think in terms of pro- 
grams first and of institutions secondly. 

To be sure, engineering education is 
one of the important professional pro- 
grams of higher education in this country. 
It is one of the programs whose financial 
problems must therefore be analyzed in 
terms of the objectives, costs, and sources 
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of income peculiar to engineering educa- 
tion, regardless of its institutional setting. 
And there are certain common character- 
istics or certain common elements in the 
financial condition of engineering educa- 
tion wherever it is conducted. 


Cost Problem 


This brings me to the second point I 
wish to emphasize. A cost problem in 
higher education occurs when income for 
the support of a particular activity or 
institution is insufficient to meet the ex- 
penditures entailed in the operation. Be- 
cause a particular educational program 
expends more money per student than 
another does not necessarily mean that the 
program is a cost problem. For example, 
the theological education of ministerial 
students is a high-cost program. It is 
not a cost problem because gift support 
from church denominations has generally 
met all the costs of providing theological 
education. 

Medical education certainly entails no 


greater expenditure to an institution than 
does graduate education for the Ph.D. 


student in -chemistry or physics. But 
medical education is by far the greater 
cost problem for higher education because 
sources of income have not been able to 
mateh expenditures. Indeed, of all fields 
of professional education, the experience 
of medical education is the most instrue- 
tive for the college and university ad- 
ministrator concerned with costs and in- 
come. 

Unquestionably, medical education is 
one of the outstanding contributions of 
all higher edueation. Some forty or fifty 
vears ago medical educators, foundation 
officials, and leaders of the medical pro- 
fession made quality the goal of medical 
education. The proprietary medical 
school was forced out of existence, the 
separate medical school was absorbed 
within the organizational framework of 
universities in order to give emphasis to 
medical scholarship, the number of medi- 
cal schools was reduced, admission stand- 
ards were raised, the period of medical 
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education was lengthened, the cur 
was given a more or less set patter 
founded upon such fundamental ky, 
edge as existed in the biological sciences. 
the student-faculty ratio was lowered, a; 
new attention was given to promotion o| 
medical research. Insofar as edueatoys 
have been able to agree, these are the e! 
ments which still go to make quality edu 
cation in any field. 

All of this effort costs money. Fow 
tions and philanthropists were generoys 
in their endowment support of medica] 
education for a number of vears. But i: 
the past twenty years medical educators 
have clung to their concepts of high 
standards without evidencing an equa 
concern for adequate sources of financing 
The result has been to create a crisis i: 
financing medical education. Foundations 
and the federal government have offered 
large sums of money to finance research, 
but have defrayed only direct project 
costs. Indirect costs of plant maintenance 
and administrative overhead have had t 
come from general income. Mounting 1 
search expenditures have made medical 
schools research “poor,” because they hav. 
not had corresponding increases in get 
eral income. Medical faculty salaries 
have gone up with increased remuneration 
from private practice, instructional sup 
plies cost more, the medical curriculum 
has frayed out into more and more spe 
cialization. All of these developments 
mean more expense, which must be met 
by more income. 

Higher education has no choice but to 
operate with a balanced budget. Medical 
education in public and private institu 
tions has been kept at a high level of 
quality only at the price of diminishing 
the income available for other educa 
tional programs. Administrator after ad 
ministrator in state universities and pri 
vate institutions has testified to this fact 

The medical profession has taken great 
pride in the standards which medical edu- 
cation maintains in this country. But it 
has not manifested any equal concern with 
the costs which these standards entail, and 
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has assumed no real responsibility for 
finding ways and means to provide the in- 
come which medical education so direly 
requires today. 

The third point I would make is this. 
As of the present time engineering educa- 
tion is not a major cost problem. As 
expenditures have risen, income has thus 
far been sufficient to meet required levels 
of outlay. The federal government has 
provided extensive research income, and 
the procurement regulations of the armed 
forces give adequate recognition to the 
element of indirect cost. Business cor- 
porations have recognized their direct in- 
terest in engineering education, and as the 
whole idea of corporation philanthropy 
has grown, engineering education has ob- 
tained a good proportion of these gifts, 
for current operations, for endowment, 
for capital plant, and for student aid. 
Increases in student fees and the generous 
support of higher education by state 
governments have also provided income to 
engineering education sufficient to meet 
most immediate needs. 


Pressures are Accumulating 


But if engineering education is not an 
immediate cost problem, it is one where 
many pressures are accumulating which 
suggest serious financial concern for the 
future unless more income is provided for 
its operation. Engineering education is 
tending to lengthen, especially to expect 
more students to continue into advanced 
graduate work for the master’s, a spe- 
clalized, or a doctorate degree. Engineer- 
ing education is becoming more and more 
complicated, more and more highly spe 
cialized. This means more instructors 
with more varied educational background 
and experience. I have just been reading, 
for example, about the desirable qualifica- 
tions today of an engineer to specialize in 
industrial control mechanisms based upon 
the feedback principle. I was astounded 
by the educational implications of this 
statement. Engineering education re- 
quires larger, better equipped laboratories 
than ever before. And _ instructional 
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salaries must be inereased in order to meet 
the competition of both industrial 
governmental demands for engineering 
personnel. 


and 


All of these factors mean more expendi 
tures. If we are to have the quality 
engineering education our society today 
and demands, then 
must be made available. 

Where is the additional income to be 
found? For the public institution it must 
be obtained, first of all, from increased 
state appropriations. On the whole, the 
record of state support of higher eduea 
tion is a good one. The 
still ahead. State appropriations are 
supplemented by income from student 
charges, federal government research con 
tracts, and even private benefactions. All 
of these must be employed by the publie 
institutions in various ways in order to 
provide the income all higher educational 
programs must have, including the income 
essential to the further development of 
engineering education. 


needs more income 


real tests are 


For the private institution the sources 
of available income are student charges, 
endowment, government contracts, and 
private benefactions for eurrent opera- 
tions. Student charges twice the levels 
which obtained in 1940 do no more than 
reflect the changes in price levels which 
have occurred in the past twelve years. 
On the whole, moreover, ability to pay 
for higher education is more widely dis 
tributed in our society* today than ever 
before. There is still a need to provide 
assistance to the promising student of 
impeeunious condition, but here too the 
current situation is reassuring even if not 
entirely satisfactory. The usefulness of 
endowment is by no means passed, and 
benefactors willing to make substantial 
one-time gifts, whether they be individual 
or corporate, must be encouraged to pro 
vide capital for future support. Most 
private institutions, moreover, need new 
physical facilities. For the moment, the 
requirements are for capital plant mod 
ernization rather than expansion. The 


instructional facilities of many institu 





FINANCING ENGINEERING EDUCATION 


tions are obsolete in terms of present-day 
educational needs. They must be replaced 
by much more modern classroom and 
laboratory buildings. 

Government contracts have been ex- 
tremely helpful in providing improved 
research facilities and in building up the 
research activities which are the base of 
much engineering education. The dangers 
are that some institutions have gone so 
far in rendering services to the federal 
government that they have almost for- 
gotten their primary edueational obliga- 
tions, including their students. Moreover, 
institutions must continue to insist upon 


endeavor to help meet the incon, 
which make educational quality 


No Reason to Despair 


I see no reason to despair of th 
cial future of higher education in © 
or of engineering education in par 
I am convineed that the America: 
van afford the kind of higher edy 
which it wants. If our 
low-cost, low-quality higher edy 
that is what we shall have. If ow 


soclet 


wants high-cost, high-quality higher edy 


cation, it will translate that desi: 
practical means of realization. 


adequate allowances for indirect research 
costs if they are not to find research sup- 
port a financial embarrassment. But no 
institution should ever become so com- 
pletely dependent upon federal support 
as to jeopardize its financial future or its 
educational freedom. 

Finally, there are various sources of 
private benefaction interested in provid- 
ing income for current operations. Our 
colleges and universities of all types are 
only beginning to realize the potentialities 
of alumni funds. New foundations have 
sprung up all over the country, and many 
of these may well be interested in the 
support of various programs of higher 
education. As I have said before, cor- 
poration philanthropy is’ potentially a 
great new source of available income, and understand the needs, financial and othe: 
engineering education is peculiarly equip- wise, of our educational institutions and 
ped to make an effective appeal for such of our various educational 
assistance. Here is the great challenge to the educa 

I should like to hope especially that tional administrators and to professional 
the various professional engineering so- groups today. What are they doing t 
cieties will maintain a keen interest in demonstrate the essential income require- 
the financial well-being of engineering ed- ments of our educational effort in this 
ucation. It is not enough to be concerned country? When they have made their 
with educational quality, with desirable case, effectively and conclusively, they wi! 
standards of professional competence and find the necessary funds. This is still th 
of institutional performance. This in- promise of our society, and the hope tor 
terest must be coupled with a constant the future well-being of higher education 


I have been told by the dean 
school of social work that this cou 
today spending 15 billion dollars a 
through all public and private ¢! 
for welfare purposes, from old-age assist 
ance and pensions to general relic! 
allied activities, including the ope 
deficit of hospitals. This is a 
sum. All our educational service 
kindergarten through the Ph.D., p 
and private, spends only about halt 
much. Which in the long-run wil! 
tribute the most to the materia! 
spiritual well-being of American socict 


lays? 


But, if the American public is to want 
improved educational services, they must 


programs, 
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What Are Contemporary Demands 
on Engineering Curricula? 


Electrical Engineering 


By W. L. EVERITT 


Dean of Engineering, University of Illinois 


Recent discussions of engineering edu- 
cation have focussed their attention on 
problems common to all engineers. This 
emphasis has led many to recommend that 
engineering should be taught as a unified 
program with no differentiation along 
technical lines. Others feel that any dif- 
ferentiation should be along functional 
lines, such as research, sales, operation, 
management, ete. 

The word “specialization” has almost 
come to be an epithet with an emotional 
rather than a specific meaning, like the 
word “communism.” Too often it is used 
to apply to what the other fellow is doing, 
which we don’t like, while we insist our 
own specific attention to a particular area 
is “Giving examples to illustrate broad 
fundamentals.” 

Nevertheless, whether we call them spe- 
cializations or not, eurricula are over- 
whelmingly organized on the basis of 
technical divisions, many of which include 
optional subdivisions such as communica- 
tion and power. The setup of this panel 
indicates that it might be fruitful for us 
to consider, as a group, the objectives of 
the major technical divisions, what has 
been happening during the past three 
decades, and where we are going. 

The commodity of the electrical en- 
gineer, electricity, is of little direct use to 
man. Except as an unpleasant or serious 
shock, it cannot be observed by any of the 
physical senses. In this it differs from 
the products of the civil engineer, such as 
bridges, roads, and other structures, or 
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the products of the mechanical engineer. 
such as automobiles, steam engines, an 
refrigerating and heating systems. Its 
study requires emphasis on imaginatio, 
understanding of classical and moder 
physics, and mathematical analysis. Ele 
trical systems provide means for th 
transfer from one point to another o: 
energy which is supplied initially in son 
other form, such as mechanical or chem 
cal, and used finally also in some othe 
form. as mechanical, heat, or light. 1! 
energy may be transmitted primarily 
the purpose of doing work, i.e., suppl 
menting man’s muscles, or for the purpos 
of transmitting information or making 
calculations or decisions, thus suppler 
ing man’s senses and brain power. 
Electrical engineering has had a dra- 
matie extension of its domain during th: 
three decades under consideration. In 
1920, almost all the attention was devoted 
to the problems of the generation, <(is- 
tribution, and utilization of power. Dur 
ing most of the period since that date, the 
power field has had a continual economi 
expansion. Engineering graduates hav 
been in demand, and generally in short 
supply. The industrial advances have bee 
made largely in size and efficiency; 1ela- 
tively few new devices or principles hav 
appeared. The analytical changes of im 
portance to curricula have been primary 
in the area of network analysis, such as 
the use of symmetrical components, 
matrices, and tensors; in the extension 0! 
the two reactance method for analysis 0! 
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machines; in the use of electrical models 
or analyzers for the solution of complex 
problems such as stability; and in an 
integrated approach to electromechanical 


systems. 
New Concepts and Applications 


The dramatic increase in new concepts 
and applications in electrical engineering 
has oceurred in the field of the collection, 
processing, and utilization of information. 
This development has found application 
in both the power and the communication 
industries. In this area, electricity has 
unique advantages. The development has 
taken place around the technology now 
ealled electronics. In passing, it might 
be mentioned that because information 
can be handled by devices which control 
small amounts of power, and_ because 
young technical devices, like young ani- 
mals, are usually small, newly discovered 
physical principles find their most im- 
mediate applications in communication, 
using this term in a broad sense. 

Information necessarily involves con- 
tinual change; it is only through change 
that intelligence can be identified. Power 
systems, on the other hand, change slowly 
and less frequently. In the cireuits of in- 
formation systems, two alternative ap- 
proaches have been developed to deter- 
mine how they respond to rapid changes. 
One method is to analyze them on a trans- 
ient basis such as by the use of differential 
equations; the other is to study their per 
formance over wide frequency ranges. 
The two methods are tied together by the 
mathematical concepts of Fourier, La- 
Place, and Heaviside. 

As a result of these needs, increasing 
attention has been paid throughout this 
period to cireuit phenomena, ineluding 
various aspects of network synthesis, i.e., 
the design of circuits to transmit the sig- 
nals required. 

Cireuits deal primarily with conduction 
currents—the guiding of electrical energy 
by solid econduetors. With the invention 
of the vacuum tube, two new concepts 
commanded attention. One was the set of 
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principles involved in convection eur- 
rents, i.e., the transmission of electricity 
by electrons moving in vacua or in tenuous 
Out of this developed the areas of 
electron dynamics and electron opties, a 
combination of mechanics and eleetrie and 
magnetic fields. The electrons obey the 
Newtonian mechanics as modified by rela- 
tivity, but the forces are due to electric 
fields, including the effeet of the electron 
charges, and to motion in magnetic fields. 


gases. 


Equally important, the vacuum tube in- 
troduced new concepts of control imped- 
ance in circuitry. This type of active 
element required a new approach. The 
concept of control, when linear and con 
tinuous, makes the amplification of the 
complex signals possible. If the control 
is non-linear it introduces the principle 
of modulation, whereby signals can be 
shifted from one part of the frequency 
spectrum to another, so that a common 
medium ean simultaneously carry many 
messages. 

With the development of radio, atten- 
tion was again focused on the electromag- 
netie field concepts of Maxwell, one of 
the most fundamental of all contributions. 
But these concepts require, for their full 
understanding, the relatively difficult 
mathematical language of vector analysis. 
Maxwell’s equations, previously offered 
only to graduate students, have been made 
available quite generally to undergradu- 
ates, at least in communication options. 
Displacement currents took their place 
along side conduction and convection eur- 
rents as important means for the transfer 
of electrical energy. Electromagnetic 
wave phenomena, both in free space and 
guided by wires and tubes, received more 
attention. 

I cannot take time to cover the whole 
impact of this new thinking in what we 
now e¢all “electronics.” I include “servo- 
mechanisms” in the general field of elee- 
tronics because its concepts are identical, 
although its mechanisms may or may not 
differ. Suffice it to say that we now use 


electronics not only to extend our sense 
organs in space and range, but also to 
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supplement our brain power. Electronic stricted to the graduate program, 
devices can be designed to think, in the’ tion in undergraduate teaching 
sense that they can make decisions on the __ lost. 

basis of a comparison between data which The expansion of fundamen 
are picked up from physical situations of — has caused a progressive elimi 
all kinds and transformed into electrical the “how” in favor of the 
signals. After making such comparisons modern electrical graduate is 
and decisions, they can also give and about the way things are done in in 
execute orders. Furthermore, they can this he must learn in the parti 
compute, either as an exercise given them pany he joins after graduatio: 
by human beings, or in the process of not instructed in “hardware” 
making their own decisions. processes. 

Modern industry is based on the sup- In the teaching process the stu 
planting of human labor by machines. more important than the teacher, ; 
Electronics contributes greatly to this end teacher is more important than 
because it more and more provides the ject. The time has passed when 
sense organs, nervous system, and brain- have a da Vinci who takes all know 
power for the control of the routine oper- as his provinee. Research requires 
ations. centration in particular areas. [| 

to have good teaching, professors 


Effect of New Developments teach what they themselves are 


What is the effect of these new develop- This means that we will have to cont 
ments on curricula? For one thing, they generally our branches of engi 
lead to justifiable skepticism of a program On the other hand, a special 
which treats all engineers alike. Sueh a teachers, with a common purpose of 1 
treatment would almost certainly tend to ing physical coneepts in a wide 


freeze programs into more rigid patterns. of fields, will also find this a stir 

The concepts of electronics include a wide study, and so may provide an integ: 
range of fundamentals interrelated one program of great value. I doubt 
with the other. In the early 1920’s many — this can become the general pattern, 
electrical engineering professors, espe- we should watch these experiment 4 
cially department heads, insisted vigor- Sympathetic interest and adopt the lessons 
ously that rotating machines taught which they will teach. 

fundamentals, while radio, which was to Science consists of asking nature 
develop into electronics, was a specialized the reply to questions properly put. 
application. In institutions where electri- ence obtains new knowledge from nat 
eal curricula were kept uniform, the teach- Engineering, on the other hand, consists 
ing of electronics was delayed for years. in the solving of useful problems. Prol 
But some of us were allowed to develop- lems usually originate with men, and 
elective courses and options in which these recognition of the existence of a prol 
new ideas, now recognized as most funda- is an important step in its solution. 
mental, were taught. If you are to have Solution, in turn, is sought because o! 
stimulating teachers, you must allow them utility. 

to study and work with new ideas, even As engineering teachers we are tr 

if the new idea is a recognition that to teach our students how to recog 
Maxwell’s equations are more basie than and solve hard problems. The onl) 
Ohm’s law and that the vacuum tube is as to do this is to have our students solve 
important as the motor. They will also such problems. This is substantially the 
want to teach these new ideas to their stu- essence of the “case” method recommended 
dents. If such new ideas -are auto- by many including the ASEE Committ 
matically labeled specialization and re- on the Improvement of Teaching. A: 


5 








revolves 
The situ- 


problem necessarily 


jividual 
ground a particular situation. 
ation may involve many concepts, but 
usually some area will predominate. The 
udent must have an appreciable back- 
sround in at least one area before he can 


‘ackle these hard problems. In electrical 
ngineering we are interested in situa- 
tions where electrical power or signals are 
{ primary importance in the solution of 
the problem. If we teach our students 
how to solve hard problems in this area, 
experience has shown they ean change 
ver and solve hard problems in other 
fields, engineering or otherwise. It is im- 
portant that in cultivating a particular 
feld we emphasize to them that their 
training can be transferred, that the prob- 
lems they will meet in life will always 
contain new elements. 


f 


Technical Areas 


For the future, I see three particular 
technical areas which may need to be in- 
tegrated into our electrical curricula. 
They are: 


1. Biological and psychological subjects 

2. Modern physics, particularly quan- 
tum theory 

. Statisties 


Many of the new electrical systems find 
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a counterpart in biological systems. For 
example, the theory of servomechanisms 
explains many operations in the animal 
world. Communication systems  fre- 
quently begin and end with human beings. 
Many of the decisions on the physical 
details of a television system had to be 
based on experimental psychological 
studies of the nature of vision. If the 
electrical work in these 
areas he will have to learn their language. 

New developments will continue to draw 
on physies. Modern physies has inereas- 
ing importance in such devices as gas- 
tubes and transistors. Our students will 
need to have this foundation for the elee- 
trieal engineering of the future. 

Information theory, noise, and radio 
propagation require the mathematical ap- 
proach of statistics, a subject not gen- 
erally stressed in engineering education. 
A place must be found for it. 

Since problems of social and humanistie 
development are common to all engineers, 
they are being omitted in this discussion, 
although their importance is recognized. 
They must always be taken into account in 
planning any engineering curriculum. 
The big question will always be: How 
shall we make the best use of a student’s 
time in preparing him for his profession 
and as a citizen? 


engineer is to 


Centennial Issues 
of the 
Journal of Engineering Education 


The December and January issues of the JouRNAL OF ENGINEERING 
EDUCATION contain papers which were presented at the Centennial of Engi- 


neering in Chicago in September. 


Extra copies of these issues ean be ob- 


tained for $1.00 per copy by writing to the American Society for Engi- 
neering Education, Northwestern University, Evanston, III. 





What Are Contemporary Demands 
on the Engineering Curricula? 


Civil Engineering 


3y HAROLD E. WESSMAN 


Dean of Engineering, University of Washington 


What are the contemporary demands on 
civil engineering curricula? Have our 
civil engineering teachers recognized these 
demands in setting the pattern of formal 
education for the civil engineers of today 
and tomorrow? Are significant changes 
needed? These are the questions which 
concern us today. 

Thirty-two years ago, in 1920 to be 
exact, I was just beginning my civil 
engineering studies in the second year of 
the course at the University of Illinois. 
[I had been attracted to this great en- 
gineering college by the name of Milo S. 
Ketchum, known to me at that time only 
as the co-author of a surveying book 
which had helped me in my early survey 
work in northern Illinois. I did not know 
then of Dean Ketchum’s contributions to 
structural engineering nor did I have 
reason to know how fortunate was my 
selection of school. 

Now, in 1952, as I look backward over 
the years spent in getting my formal edu- 
eation and the subsequent years of pro- 
fessional practice, teaching, and adminis- 
tration, I realize the tremendous influence 
exerted upon me and many of my con- 
temporaries by a seore of men at the Uni- 
versity of Illinois. Fortunate indeed are 
those who sat in the classrooms of Hardy 
Cross, Westergaard, Talbot, Shedd, Wiley, 
Rayner, and other great teachers. 

Many of you in the audience today at 
this Centennial Celebration honoring en- 
gineers and their achievements ean look 
back and pay corresponding tribute to 
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great teachers of civil engineering in othe 
fine engineering schools. As we 

the attention of hosts of people through. 
out the world to the role of the er 

in making America what it is today, 
us not forget that the fountainhead of 
engineering achievements is an assem! 
of engineering teachers who have eyo! 
an American pattern of edueation whic 
in my opinion is unsurpassed throughout 
the world, a pattern which is character 
ized by flexibility, informality, and crea 
tive stimulus. 

As I look over this audience and se 
many fine civil engineering teachers, as | 
recall many others who are with us only 
in spirit, and then, as I think of th 
thousands of students who have sat in the 
classrooms of these men and who have 
gone out and helped to remold America, 
I can reach no other conclusion but that 
civil engineering teachers are dischargin 
in an outstanding way their responsibili- 
ties in engineering education. Possibly 
we could do better, but on the other hand, 
anyone who has travelled and lived in 
other parts of the world, knows that we 
eould do infinitely worse. 


Major Accomplishments 
1 


Let us recount briefly the deman 
practice during the past thirty years by 
focusing the spotlight on a few majo 
accomplishments. But let us keep in miné 
that these achievements are only symb 
of hundreds of lesser achievements, all 0! 


th 


which bear eloquent testimony to tt 
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“sion and ereativeness of civil engineers. 
This has been the era of the Empire 
State Skyseraper, the Holland Tunnel, 
che Pennsylvania Turnpike, the Tennes- 
se Valley Authority, the Mississippi 
River Control, the Golden Gate Suspen- 
jon Bridge, the Grand Coulee Dam, the 
Columbia Basin Reclamation. This is 
the period of sewage treatment in Chicago 
on an unprecedented scale, of huge slum 
clearance and housing developments in 
New York City. This is the period 
marked by the greatest war in the world’s 
history, a war which was won primarily 
by the technology of America. It was a 
war characterized by the construction of 
yast American military bases from the 
far-flung islands of the South Pacifie to 
the frozen wastes of Alaska, from the 
burning sands of North Africa to the 
towering mountains of West China. 

This is also the period of through high 
ways, of airports mushrooming over the 
length and breadth of our country, of 
the birth of structural aluminum, the 
erection of huge industrial plants, and 
the development of photogrammetry. In 
ll of these, the civil engineer has played 
i leading role. Has he been weighed in 
the balance and found wanting? Have 
there been serious deficiencies in his edu- 
cation? 

I was talking to a leading consulting 
civil engineer in New York City only a 
few weeks ago. He was the head of a 
firm employing several hundred engineers. 
I told him that I had just returned from 
the convention of the American Society 
for Engineering Education in Dartmouth 
and that we were reviewing again the 
educational pattern of engineers as is 
our mission in this Society. He said, 
“Why do you need to change civil en- 
gineering education? Look at the men 
that you have graduated during these 
past years.” He cited a number of names 
of men who were doing outstanding work 
with his organization and went on to say, 
“There is nothing radically wrong with 
our American system of engineering edu- 
cation when it turns out such men.” 


When we study the nature of the work 
of the civil engineer today, we find that 
even though projects have increased in 
magnitude, the job funetions are es- 
sentially the same today as they were 30 
Civil engineers still have to 
design bridges and buildings, build high- 
Ways great and small, develop water sup- 
plies, dispose of sewage, plan municipal 
developments, erect dams and reclaim the 
land. These are the things which they 
have done for years and will continue to 
do. But that does not mean that the 
products of their work in directing the 
forees and materials of Nature for the use 
and convenience of man are the same 
today as they were 30 years ago. Nor 
does it follow that our technical eduea- 
tion, our teaching, has remained statie 
even though the fundamental tools of 
mathematies and mechanies are the same. 


years ago. 


Due to research and study we have new 
knowledge about old things; we have new 
materials and processes; we have better 
methods of analysis; we know more about 
the properties of materials and the be 
havior of structural elements. We know 
more about the forces of Nature. These 
advances in knowledge are reflected in 
constant changes in the content of civil 
engineering courses, even though the titles 
of courses are the same, which is as it 
should be because of the nature of civil 
engineering. 

Civil engineering education has always 
been alive and responsive to the demands 
of the profession and to the results of its 
research. One test of the vitality of an 
educational program is found in the an- 
swer to the question: “Does the program 
of engineering education and the associ- 
ated college research lead and inspire 
practice?” If one studies the history and 
development of civil engineering eduea- 
tion objectively and honestly in‘the light 
of professional practice, the answer to this 
question is unequivocally, “Yes.” In fact, 
one of the reasons why this is so is that 
most of the research in civil engineering 
is either concentrated in the colleges or is 
handled by public agencies which are 
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guided by advisory boards on which col- 
lege teachers are represented. There is 
relatively little private industrial research 
such as is found in the electrical and 
mechanical fields. 


Educational Content 


Let us look briefly at various branches 
of civil engineering and see whether edu- 
cational content has changed in the past 
few years and whether the work of college 
teachers has influenced and dictated prac- 
tice. Recall if you will, the work of Tal- 
bet at Illinois, Shank at Ohio State, 
Turneaure at Wisconsin, Lyse at Lehigh 
and Gilkey at Iowa State in the field of 
reinforced concrete. In fact, I find my- 
self embarrassed at this point because 
there are many people in this audience 
who have contributed to a better knowl- 
edge of the nature of concrete materials 
and the behavior of reinforced concrete 
structures and whose work has resulted 
not only in better teaching but in better 
design practice. They should all be 
named. 


In the field of structural theory, it is 
only sufficient to mention the name of 


Hardy Cross. But again, I must apolo- 
gize to a host of contemporaries, many of 
whom came under the influence of Hardy 
Cross, and all of whom have contributed 
something in their own right to structural 
theory and design. The tremendous im- 
pact of Hardy Cross, however, upon civil 
engineering teaching and practice is par- 
ticularly manifest when we note that his 
methods of analysis of structures are not 
only being taught in practically every 
school in the country but are being used 
in practically every structural design 
office in every large city in this country. 

In hydraulics or if you prefer, in fluid 
mechanics, added vitality has been brought 
to the teaching and to the laboratory 
training of civil engineering students pri- 
marily because of the influence of a group 
of Freeman Scholars, some of whom were 
graduate students under Professor Cross. 
These men went abroad in the twenties 
and combined that which was best in 


European laboratory practice 

own American background. As ; 
we have developed the finest 
laboratories in the world, labora: 
which theory and experiment ha 
hand in hand to give us new k: 
about the behavior of water and 
fluids, knowledge which has been re) 
in teaching and in practice. 

Think if you will of foundatio: 
gineering which, even though elorit 
the semi-science of soil mechanics. 
ably involves more of that intay 
known as engineering judgment thay 
other branch of civil engineering 
names of Terzaghi and Casagran«: 
to mind immediately but again as 
over this audience, I see a number of 
engineering teachers who have contributed 
new knowledge in their own right 
though their initial stimulus came from 
the Harvard Graduate School. They 
would be the first to admit that our knowl- 
edge now is not exact, but neverthieles 
better than that which we had thirty) 
ago. The work of these teachers h: 
changed both college courses and design 
practice in foundations. 

The problems of water supply and 
age disposal are always with us. 
content of these courses the same as it was 
30 years ago? Do we still teach wheel 
barrow methodology in construction @ 
gineering? How about highways and 
strips? Look at the Proceedings 
Highway Research Board—in fact, 
the Journals of all of the technical 
ties associated with the branches o! 
engineering. There you will find 
evidence that the research of civil 
gineering educators, research whicli is in- 
evitably reflected in the courses which 
they teach, is something which has gone 
far beyond the confines of the Ivory 
Tower in leading and in influencing t! 
practice of professional engineers 
America. 

It would be a simple matter to list th 
names of 200 outstanding contemporary 
teachers in civil engineering who have 
played a part in keeping civil engineering 
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education alive and responsive to the 


changing needs of our civilization. Some 
of them will be found on the list of 
recipients of the Lamme Award and the 
Westinghouse Award for significant con- 
tributions to engineering education. In 
fact, most of the Westinghouse Awards 
to young outstanding teachers have been 
to civil engineering teachers. The cita- 
tions accompanying these Awards bear 
eloquent witness to the collective impact 
upon engineering of only a few of my 
Honor Roll of 200 names. 

What of the future of civil engineering 
education? Some say we need more sci- 
ence, in particular more mathematics and 
more physics, in order to give our stu- 
dents a better grounding in basie princi- 
ples. Perhaps we should have more mathe- 
maties and more physies for some civil en- 
cineers enrolled in graduate study in cer- 
tain special areas. Should we have it for 
all undergraduate students? I believe 
not. In faet, there is no room for more 
science courses as such in the four-year 
undergraduate curriculum. Let me hasten 
to add that this is not an argument for a 
five-year undergraduate curriculum. 

There is a danger lest in the attempt to 
make better scientists out of our engineer- 
ing graduates we make them poorer en- 
gineers. Hardy Cross in his book, “En- 
gineers and Ivory Towers,” “The 
systematized, formalized procedure called 
science, which is supposed to lead inevi- 
tably to unquestionable results, contrasts 
with the flexible independent creative in- 
stinect which produces art”—and which 
motivates the true engineer. Science 
points toward a unique solution, whereas 
an engineering problem usually has many 
solutions which must be compared in the 
light of related economie, social, legal, yes, 
even psychological factors. Of course the 
engineer should use the scientific tools at 
his disposal, use them efficiently and well. 
But I question whether a course in dif- 
ferential equations for all civil engineer- 
ing undergraduates, a course taught by 
mathematicians, will help them appreci- 
ably in solving their engineering problems. 


states: 
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Five Great Problems 

There are at least five great problems 
confronting the civil engineer of the fu- 
ture. The first and probably the worst 
is traffie congestion in our large cities. 
The second is municipal rehabilitation, of 
which slum clearance is only a part. All 
one needs to do is travel in the four-mile 
wide belt around the heart of 
city of Chieago to know mean 
The third is adequate water resources. 
The fourth is industrial pollution. The 
fifth is highway reconstruction and safety. 


this great 


what I 


These are not alone the problems of the 
civil engineer, but nevertheless the civil 
engineer has a primary responsibility in 
their solution and I doubt if more mathe- 
maties and more physies in the college 
curriculum will turn out engineers better 
able to cope with them. 

One of the most difficult tasks confront- 
ing the teacher is the stimulation of the 
creative instinct in the engineering stu 
dent. One way to accomplish this is to 
incorporate elements of project design 
and development wherever possible in our 
engineering courses rather than rely on 
the use of isolated problems. The project 
method encourages and imagina- 
tion. But let no one delude himself into 
thinking that the project method is a 
recent discovery. I can name five of my 
teachers who used it in their courses at 
the University of Illinois 30 years 
Outstanding in particular were the proj- 
eects of Professor Shedd in his 
design courses. 

There is no question 
what a more widespread use of the proj 
ect method is Our 
must learn, for example, that the design 


vision 


ago. 
bridge 
however, but 


desirable. students 
of a highway involves many other factors 
than the design of the sub-grade and the 
paving and the bridges and the culverts. 
We design arterial highways so that traffie 
san travel more quickly between cities but 
these same through highways bring more 
traffie quickly into the hearts of cities 
with the result that the streets in the 
business districts have now reached the 
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saturation point and are choked beyond 
capacity. 

Civil engineers are faced more and 
more with the necessity of a broad ap- 
proach to a problem. Too often have we 
seen one problem solved at the expense 
of creating a worse one. It is negligence 
of the worst sort to design and erect a 
modern industrial plant without provision 
for the safe disposal of its waste products. 

Can we do the right kind of an educa- 
tional job in a four-year undergraduate 
curriculum, with additional years of study 
for only those who desire graduate de- 
grees? A man may become a good struc- 
tural engineer or sanitary engineer or 
highway engineer after completing a four- 
year civil engineering curriculum, but the 
evidence seems to indicate that he would 
be a better engineer in any one of these 
branches if he had a fifth year of special- 
ized graduate study. In fact, many civil en- 
gineering students would profit by a fifth- 
year curriculum in industrial manage- 
ment. But this is not an argument for a 
five-year course for all engineers. I 
believe that the recommendations of the 
1940 ASEE Committee on Aims and 
Scope of Engineering Education relative 
to the four-year undergraduate program 
for all, and graduate study for those best 
qualified, are fundamentally sound. These 
same recommendations were endorsed by 
the 1944 ASEE Committee on Engineer- 
ing Education after the war. They were 
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further supported by the 1944 Co; 
on Engineering Edueation of the Ameri. 
can Society of Civil Engineers. 

I do earnestly believe, however, ¢} 
larger percentage of civil engineering sty 
dents should be induced to elect 
year of advanced study. However, | 
not forget that the education of 
gineer is never completed, not in five year 
or even ten years. 

Some of these discussions over engineey 
ing education are like the early argument 
between religious denominations, “Woe 
are the true sons of God, the real ¢ 
fenders of the faith. If you want to get 
to heaven, this is the road you must take.” 
cries one sect. 

“No, that is the sure road to hell” is th 
rejoinder from another group. “We will 


thank God that a Christian spirit ot 
tolerance and considerate judgment haye 
in recent years brought not only religious 
groups but edueational reformers close: 
together in recognizing that there is no 
one specifie prescription to achieve our 
goal. We all want to give our young en 
gineering students the best possible educa 
tion, and if we keep our programs alive 
and responsive to the changing needs of 
society and the dictates of new knowledge, 
then by the same process of evolution 
which has characterized our development 
in the past we will continue to fulfill our 
mission. 


Third Midwestern Conference on Fluid 
Mechanics 


TiME: March 23, 24, 25, 1953. 


PuLace: University of Minnesota, Minneapolis, Minnesota. 


Supsect Marrer: All features of theoretical and applied fluid mechanics. 








What Are Contemporary Demands 
on Engineering Curricula? 


Mechanical Engineering 


By NEIL 


P: 


BAILEY 


Head of Mechanical Engineering Department, Rensselaer Polytechnic Institute 


The genius of the mechanical engineer- 
ing profession has been in the past and 
nust continue in the future to be focused 
primarily on two things. The first is the 
release of energy and the production of 
power from fuels. The second is the 
conception, manufacture and distribution 
of machines to utilize this energy. The 
present standards of Western Civilization 
stem from the release from human toil 
made possible by the use of this power. 
The energy is derived from 2 gallons per 
person per day of petroleum and 32 
pounds per person per day of coal. The 
power is dependent upon the ingenuity to 
make and distribute devices that enable 
this energy to perform routine tasks. 
There are known requirements for the 
continued success of this entire operation. 
It is necessary to maintain a sound eco- 
nomie system under which these benefits 
do not price themselves out of the reach 
of those who work to bring them about. 
Also, the resulting gains must be used to 
increase the nation’s accomplishments and 
not to promote its indolence. 

The period of 1920 to 1950 was marked 
by an ever-widening vision of the mission 
of mechanical engineers. Such things as 
the national resources of 
purchasing habits of consumers became a 
part of a designer’s consideration. The 
reduction of manufacturing and distribu 
tion costs assumed a significance beyond 
that of merely affecting selling prices. 
A National depression and a World War 


materials and 


, 
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during this period did much to make me- 
chanical engineers conscious of the social 
significance of their work. Enthusiasm 
for this trend in thinking has led to the 
addition of Arts College type 
courses to mechanical engineering cur 
ricula. Students still 
as being a separate requirement distinet 
from their engineering education. In gen 
eral the students are probably correct. 
The teaching profession has yet to find 
ways of making such into a 
natural part of an engineering training. 
The period of 1920 to 1950 saw rapid 
advances in mechanical engineering tech 
nology. Entire areas such as heat trans 
fer and system control that were no more 
han arts in 1920 became well developed 
fields of science by 1950. In other fields 
such as heat power, application changes 
came so rapidly that the entire teaching 
emphasis had to be changed. The ad- 
vanees in all technical areas demanded a 
higher proficiency in mathematies and a 
wider knowledge of physical 
That this oceurred during a period of 
decreasing emphasis on mathematics in 


many 


view such courses 


courses 


science. 


American secondary schools magnified its 
significance. 


Curriculum Crowding 


The simultaneous widening and intensi- 
fying of demands on mechanical engineer- 
ing education have posed serious problems 
of curriculum crowding. Various methods 
of solution have been proposed. To 
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merely add a year to the four-year cur- 
riculum is a tempting one. But at a time 
when this Nation faces a serious world 
situation with a deficient supply of tal- 
ented young men and when each youth is 
faced with from one to three years in the 
military service of his Country, such a 
simple solution as a universal five-year 
curriculum is not the answer. 

A second quick solution is being also 
urged on college administrators. It 
amounts to practically the elimination of 
departmental senior year courses as they 
now exist. The proponents of this course 
of action believe these senior year de- 
partmental courses to represent an un- 
justifiable attempt at specialization in a 
four-year curriculum. Those who know 
what actually lies behind rather specialized 
sounding course titles evaluate these 
courses at their real worth. In a modern 
mechanical engineering curriculum these 
senior courses carry a major share of the 
training in engineering methcds of work- 
ing. In these courses students learn some- 
thing of the art of bringing all of their 
knowledge, logie and experience to bear 
on a situation and learn to discipline their 
minds to hours of sustained logical think- 
ing. It is here that they learn that engi- 
neering situations have multiple instead of 
single solutions and that science can aid 
but never replace sound judgment. This 
second solution to the curriculum ecrowd- 
ing is unacceptable to mechanical engi- 
neering teaching departments who must 
stand responsible before the world for the 
performance of their graduates. 

The broadening and intensifying of 
mechanical engineering education by a 
procedure of careful re-evaluation and 
selection must be followed, but it must 
proceed more rapidly in the immediate 
future. To be successful, such a process 
of re-evaluation must be carried out 
against a background of sound premises as 
a guide. To begin with, such a curriculum 
must be designed with the idea that each 
student is aiming at professional compe- 
tence as a mechanical engineer. There is 
much talk of a watered down program 
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designed for those students w! 

aim to follow the profession bu: 
desire merely a mechanical engineryine 
background. It would be possible t, 
such students a general backeroy 
physical science in a reduced num) 
courses but a background in mechs; 
engineering is, by definition, the ability 
think as a mechanical engineer. If a 
painless way of achieving this were kn: 
it would be used on all mechanical e 
gineers. 

In the second place such a prog 
must be designed with the idea in ; 
that each student will at 
his professional career supervise other, 
Since supervision is the act of multiplying 
a person’s usefulness by having him evi: 
others, he first must possess abilities wort) 
multiplying. Next, he must be taught to 
view life in a broad way and to compr 
hend and consider other human | 
before he deserves the right to influence 
their lives. 

In the third place a balanced eurricul: 
must clearly recognize the great differenc 
between the mere possession of factual 
knowledge and the ability to apply ( 
useful purposes. The art of logical think 
ing cannot be developed without accurate 
facts to think about. Inventive ingenuity 
and analytical skill, to be productive, must 
feed on accurate facts but they can both 
be foundered by an excessive emphasis on 
the accumulation of a knowledge of tacts 
The present extent and rate of growth 
of technical knowledge in all the areas ot 
mechanical engineering must be admitted 
to be beyond the mastery of any single in 
dividual and far beyond the eapacity of 
students. A balanced mechanical en 
gineering curriculum cannot, therefore, be 
one that covers all related areas of tech- 
nology. Rather, it must be one which 
teaches students to gather facts, analyze 
situations and evaluate solutions in each 
general area of mechanical engineering. 


some tine 


Ings 


Over-S pecialization 


Over-specialization of a curriculum can 
appear in various forms. It can refer to 
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an unbalance in time distribution between 
the three areas of power development, 
design and manufacture, and economic, 
political, and human aspects of production 
and distribution. It can appear as an 
over-emphasis on the accumulation of fae- 
tual material in any field with a eor- 
responding deficiency of time for a student 
to learn to reason from these facts. With 
the present enthusiasm to make more of 
a scientist out of an engineer it could also 
take the form of over-specialization in a 
knowledge of mathematics and science far 
beyond the training in applying it. It 
ean even occur loeally in a curriculum in 
such a form as the concentration of all 
mathematics in the first two years, long 
before its uses ean be comprehended. 

Even after it is admitted that a mechani- 
eal engineering curriculum is to be consti- 
tuted only of organized course sequences 
in each of major areas, the situation is far 
from being resolved. At the moment and 
by virtue of its historical seniority, power 
development with its ramifications is 
usually over-specialized in most curricula. 
It is over-specialized in two ways. Not 
only does it receive more than its share of 
the available curriculum time but 
far too much of a student’s effort goes into 
a familiarization with the physieal facts 
of the subject and not nearly enough time 
in gaining experience in solving engineer- 
ing situations of a comprehensive nature. 
This over-crowding of courses by a know!l- 
edge of physical facts reflects a combina- 
tion of an inertia against discarding ob- 
solete information, an eagerness to add 
new information and a reluctance to re- 
organize the working concepts and meth- 
ods of presentation. 

The second major area of mechanical 
engineering, the processes of conception 
and manufacture of devices, is 


also 


design 


usually so dispersed around a campus as 
to lose much of its possible effectiveness 


for students. They study at one time or 
another many details that are involved in 
evolving a product to fill a need but only 
in retrospect, if at all, are they able to put 
the pieces together and see the sequence of 
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This situation is rational- 
ized by insisting that after all, designing 
is an art that can be mastered only be 
practice after graduation. 

Between 1920 and 1940 the design as 
pects of such courses as power plant de- 
sign, combustion engine design, and heat- 
ing design disappeared. By 1950 only 


steps involved. 


machine design remained and it had _ be- 
to the mechanies of the 
metal parts of machines. 


come restricted 
Simultaneously, 
separate and often completely independent 
courses in shop processes, manufacturing 
methods, and production procedures came 
into being. Now all 
conceived for their function, be propor 


produets must be 


tioned for their use and ke manufactured 
for their market, and these three things 
are not independent considerations. Me- 
chanical designers must project their 
minds into situations and simulta- 
neously weigh all of these factors. ‘Re- 
gardless of the organizational changes that 
become involved, educators must find ways 
to develop design as a broad process of 
mechanical engineering. The output of 
talented graduates with a developed in- 
terest and ability in design is far below 
the minimum needs of industry and well 
below the potentialities of the American 
youth entering 
departments. 
As early as 1920 there was serious con- 


new 


mechanical engineering 


cern because engineers were not making 
contributions to the social adjustments de- 
manded by mass production in manufae- 
turing. With reduced production eosts 
eliminating skilled and in 
eases actually driving up distribution costs, 
there was and Still is fear that the machine 
may thus defeat itself. In searching for 
reasons for the ineffectiveness of mechan- 
ical engineers in this area it first 
decided that engineers did not write or 
speak well enough. It was concluded that 
their knowledge of costs, purchasing and 
distribution was inadequate. There was a 
growing conviction that engineering think- 
ing did not inelude enough understanding 
of practical everyday relations with peo- 
ple in industry and business. Between 


trades some 


was 
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then and 1950 the curriculum time aimed dividual project work decreased. Thijs }\.. 
at this area of instruction was increased continued until in 1950 many schools »,, 
to as much as one-fifth of the total. The longer require even a thesis in a 
results, to date, are far from what were program. 
hoped for. Instead of courses adapted to This same trend ean also be seen j 
fit into engineering curricula in a manner’ undergraduate program. The undere 
to be of direct value to engineers, the year uate thesis disappeared, and the nun 
1950 found these courses more nearly cor- of project courses decreased as the 
responding to an Arts College minor and centage of formal subject matter cou 
diverging further and further from the became greater. Irrespective of the m 
original objective. Neither the mechanical _ or faults of subject matter courses an 
engineering teaching departments nor en- project courses this represents 
gineers in industry are favorably im- away from the emphasis on the tr 
pressed by the results realized to date be- of the individual student toward an 
cause the original aim has not been phasis on subject matter mastered. 
achieved. coupled with a steady decrease in labor 
tory and supervised design and prob 
Demand for Graduate Study periods, should be reviewed thought! ul) 
The steady increase in technical knowl- At a time when there is a recognized nee 
edge between 1920 and 1950 produced a for more originality, ereativeness and it 
greater and greater demand for graduate dividual ingenuity among mechanical 
study, particularly at the master’s level. gineers it would be sad indeed to be tun 
It also resulted in a marked change in the ing out a generation of students who could 
nature of graduate study. The amount of analyze and criticize ideas with great skil 
formal course work increased as the in- if only someone else would have the ideas 
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What are Contemporary Demands on the 
Engineering Curricula? 


Chemical Engineering 


By GEO. GRANGER BROWN 


Dean of Engineering, University of 


Engineering is the “Art and Science by 
which properties of matter and sources ot 
power in nature are used by man in strue- 
tures, machines and manufactured prod- 
ucts.” 

Art is “skill or ingenuity in the adap- 
tion of things in the natural world to the 
uses of human life.” 

Science is the “accumulated and ae- 
cepted knowledge which has been system- 
atized and formulated with reference to 
general laws.” 

Putting these definitions together, it is 
clear that engineering combines the skill 
and ingenuity with a competent knowledge 
of the general laws which summarize our 
knowledge of matter and energy and their 
applications to structures, machines and 
produets. 

When Chemical Engineering ecurriewa 
came into being about fifty years ago they 
were primarily industrial chemistry with a 
few courses in mechanical engineering 
added to give them an engineering flavor. 
At that time the practitioners were gen- 
erally graduates of chemistry curricula 
and many such held that the best prepara- 
tion for Chemical Engineering was gradu- 
ate work in Chemistry as there was no 
particular knowledge concerning the proe 
essing of materials which had been ac- 
cumulated or formulated with 
to general laws. The Chemical Engineer, 
having no science of his own, therefore, 
relied almost entirely upon the Science of 
Chemistry and the Art of the Mechanical 


reference 
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Vich an 


This was a successful ecombina- 
tion and the Chemical made 
important contributions in solving new 
problems created by the first World War 
and the rapid development of the chemi- 
cal, petroleum and other process industries 
immediately thereafter. 


Kngineer. 
Engineer 


Perhaps beeause of their roots in chem 
istry, Chemical Engineers are avid experi 
mentalists and acquire extensive data on 
their operations. Imbued with the scien- 
tifie spirit, they correlated these data on 
similar operations in different industries 
on the basis of the Unit Operations as 
suggested by A. D. Little in his report to 
the Massachusetts Institute of Technology 
in 1915: 


**Any chemical whatever 
scale conducted, may be resolved into a 
coordinate series of what may be termed 
‘*Unit Operations’’ as pulverizing, drying, 
roasting, crystallizing, filtering, evaporat 
ing, ete. The number of these basie unit 
operations is not large and relatively few 
of them are involved in any particular 
The complexity of Chemical En 
gineering results from the variety of con- 
ditions as to temperature pressures, etc., 
under which the unit operations must be 
carried out in different processes, and from 
the limitations as to materials of con 
struction and design of apparatus imposed 
by the physical and chemical character of 
the substances being treated.’’ 


process, on 


process. 


Armed with these correlations, the 
Chemical Engineer was able to solve the 
problems of processing new materials 
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without any previous experience in such 
processing. The only new information re- 
quired was a limited knowledge of the‘ 
properties of the material to be treated. 
Frequently even these had to be estimated 
due to the limited amount of the material 
available for experiment. This ability was 
dramatically demonstrated by the chemical 
engineers of the du Pont Company in the 
design, construction and operation of the 
nuclear reactors and plutonium processing 
plants at Hanford in 1943. As the science 
of the unit operations developed from 
1920 to 1950, it gradually displaced the 
old technology courses which aimed to ae- 
quaint the student with industrial practice 
in particular industries, which were gen- 
erally treated according to the chemist’s 
classification of organie and inorganic 
technology. The quantitative more gen- 
eral study of the unit operations gave the 
student more power to solve new problems 
in new industries. 


Undergoing Simplification 


The more complete our knowledge the 
simpler is the framework which can be 
used for systematizing the aecumulated 
facts. The unit operations themselves are 
undergoing simplification. Absorption, 
stripping and fractionation now 
treated as one operation known as vapor- 
liquid transfer but applied for different 
purposes; and vapor-liquid transfer is 
further being closely associated with the 
corresponding liquid-liquid and liquid- 
solid transfer operations. Fluid mechan- 
ics is being studied and may become a 
common fundamental science covering all 
fluid, mass and energy transfer operations 
such as fluid flow, mixing, mass transfer 
and heat transfer. 

On the other hand, as more knowledge is 
accumulated and accepted, the teacher is 
frequently persuaded that he must have 
more time to acquaint the student with this 
additional knowledge. This is perhaps 
particularly true in Chemical Engineering 
because of its additional background in 
Chemistry as well as Physics. But this 
point of view overlooks the most im- 


are 
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portant characteristic of Science, 
the systematizing and formulat 
knowledge with reference to gene 
As seience advances, our genera! 
come more reliable and with a mor 
plete understanding of the basic 
laws a much better understandi: 
given the student in less time it 
riculum emphasizes the general 
science and their use in arriving ; 
tions to engineering problems rathe 
attempting to cover the aecumulat 
accepted knowledge that is available 
latter approach tends to 
ability to solve only those problems 
have been solved, while the forme: 

to develop an ability to solve those prob 
lems which must be solved. Was. it 
stein who said, “Scientists are those peop 
who solve the problems which they 
solve, and engineers are the people 
solve the problems which 
solved”? 

The decisions in design, construction, 
management and operation usually based 
on incomplete data, but made on the basis 
of judgment, ingenuity and experienc 
generally guided by an appreciation of thi 
fundamental general laws of science are 
the highest form of engineering combining 
Art and Science. 

There are two exacting demands on eon 
temporary chemical engineering curricula 
in the presentation of science. The first 
is to emphasize and develop an under 
standing of the basie general principles 
which consititute true and 
forego the teacher’s desire for complet 
presentation of his knowledge. This must 
be reserved for post-graduate courses in 
special fields. A firm foundation in the 
general laws of science is also an excellent 
background for graduate study as 
as for the practice of engineering. 
ond, because the student is to be 
pared for engineering practice in the 
future twenty to thirty years, and because 
the frontiers of science today are the ac- 
cepted basic principles of engineering 
practice tomorrow, the student should be 
exposed to the most modern thinking in 


aeve 


have i 


scl1ence 
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physics and chemistry, and not simply to 
those well established principles which he 
might be called upon to use today. The 
college or university is the best opportu 
nity afforded the student to become ac 
quainted with these modern concepts. 

The standard freshman or sophomore 
course in Physies frequently divided into 
the five divisions of Mechanics, Heat, 
Sound, Light and Electricity, and follow- 
ing the plan of instruction which has 
been in vogue since the Spanish War gen 
erally fails to meet either of these de 
mands. It may have the opposite of the 
desired effect by emphasizing the differ 
ences in the various subdivisions. 

Technology presented as descriptions of 
and eurrent industrial practice has no 
place in a curriculum in chemical en 
cineering except as examples in the ap 
plication of general principles. Such de- 
seriptive technology taught in school is 
almost certain to be obsolete by the time 
the student reaches a responsible position 
in practice, and current industrial practice 
is best learned on the job. 


Requires Practice 


The Art of Engineering requires prac- 
tice and the student should be given some 
practice at least in the last year in the 
recognition and definition as well as the 
solving of engineering problems. Such 
problems should be presented in general 
terms so the student must first resolve and 
define the problem and then arrive at a 
reasonable solution with incomplete and 
frequently confusing data. The willing- 
ness to tackle such problems must be de- 
veloped in the student, and this seems to 
require that the assigned problems have 
some factor or slant which has not been 
diseussed or explained in class or in the 
text; otherwise the student feels abused 
and resentful if called upon to do some 
original thinking. The complaint that 
“we never had that before,” or “you never 
told us that” may be an indication that 
the proper type of problem has been 
assigned, 
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This ability to take the responsibility 
for a solution based on incomplete data 
and thereby create a new process or a new 
design is the major outstanding character 
istic of the engineer. It ean be acquired 
or developed as witness the number of 
individuals trained as seientists in Chem 
istry, Physies or Mathematics who become 
successful engineers by aequiring this skill 
or ingenuity and experience. But it is 
necessary to be certain that the graduate 
engineer has at least a certain minimum 
of this art by requiring him to demon- 
strate his ingenuity in some creative proj- 
ect before graduation; otherwise he may 
be a mere scientist equipped with tools but 
unable to use them. 

There are many other collateral de- 
mands in addition to the general scientific 
background and 
work such as the design of a new process 
which must be satisfied if the curriculum is 
to be wholly adequate. The development 
as well as the expression of ideas requires 
the effective use of language of some kind. 
When we say a man thinks in English or 
in German or in Mathematics, we mean 
exactly that. Language is a tool for think 
ing as well as for expression, and the en- 
gineer uses at least three languages for 
these purposes: English or his native 
tongue, Mathematics to an ever increasing 
degree, and graphical presentation or 
drawing. To be effective the use of lan- 
guage must be precise and easy. This 
requires constant and careful use. There 
fore, the student must always be required 
to use, and use correctly, these three lan- 
guages in his professional course. It will 
not do to delegate the responsibility for 
the correct use of English to the English 
Department, or for Mathematics to the 
Mathematics Department, or for Drawing 
to the Drawing Department and then ig- 
nore these matters in the professional 
courses any more than it would be con- 
sidered satisfactory to ignore the princi- 
ples of science developed in the basie sci- 
ence courses in teaching the professional 
engineering subjects in the senior year. 
Such practices undo all the good work of 


experience in creative 
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the English, Mathematics, Drawing and 
Seience Departments and give the stu- 
dent the idea that having completed these 
courses, he now has no further use for 
them and instead will concentrate on his 
professional work. 


Teamwork is Essential 


Practically no engineering graduate 
fails in industry because of technical in- 
adequacy, but many fail of realizing their 
potential success because of inability to 
write effective reports, to present their 
ideas effectively before a Board, or to 
work smoothly with their associates. This 
last requirement leads to another im- 
portant demand on modern chemical en- 
gineering curricula, to train and develop 
the student to work well with his as- 
sociates. This cannot be done if he is 
always required to do individual work 
throughout his entire college program. 
Any number of courses in psychology will 
accomplish practically nothing compared 
with actual experience in working with 
others. Perhaps this is a major advantage 
in the cooperative curricula if the student 
learns to work with others during his ap- 
prenticeship in industry. But much can 
be done in requiring students to work in 
squads in many courses in the normal 
full-time program. The-senior laboratory 
and design courses are excellent oppor- 
tunities for this experience which also has 
advantages in developing technical in- 
genuity. 


The requirement for admission as a 
candidate to the doctorate 
Engineering at Michigan has included for 
many years the preparation of a satis 
factory engineering report which includes 
This is 


in Chemical 


the design for a new process. 
known as the twenty-one day problem 
because of the time allowed. One of 


these involved the economics of recovering 
the solvent from extracted bean meal. 
The successful graduate students and the 
faculty had come to believe that such a 
economical. In the 


process was not 


course of time this doctoral problem be- 
came a senior project in which the seniors 
work in groups of three as separate firms 
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of consulting engineers. Ons 
group of seniors went into th 
obtained some data, and est 
fact that it was economical to recoyey 
solvent if the dried unextracted beans 
used to absorb the solvent yap 


} 


or 


Furthermore, it must he remembered 
that the faculty are teaching men, hum 
beings, and not simply technieal subjects 
or worse yet simply certain textbooks: a) 
that these men must 
interest other than their technical 
lems. Industry and the world is m de 
of human beings and the engineer 
much better engineer if he has fully d 
veloped human interests. These are gen 
erally best developed by voluntary actiyj 
ties on the part of the individual in par- 
ticipating in extra-curricular 
such as debate, sports, editorial work, and 
in courses in the humanities such as his- 
tory, literature, philosophy and 
The student must be given an opportunity 
and encouragement to develop and pursu 
these interests. But this should always be 
on a voluntary basis and such courses 
should be handled as electives. Otherwise, 
they are frequently regarded as simply 
additional hurdles to be overcome. 





have some 


activities 


musie. 


Instruction Must Be Streamlined 


To meet these contemporary demands, 
the undergraduate instruction must be 
streamlined. We must recognize the ad- 
vances that have been made and are being 
made in all fields and continually revise 
our presentations to eliminate all that 
which is not absolutely essential. 


Some months ago the college of Pha: 
macy was celebrating its seventy-fifth ar 
niversary and in looking ahead to th 
future years, there was considerable dis 
cussion that the curriculum would hav 
to be lengthened to at least five and prob 
ably to six or seven years to include ail of 
the new facts and information being di 
veloped in the field of pharmacy and the 
necessary humanities to make a_ well 
rounded citizen. President Hatcher, wh 
is a recognized scholar in Literature and 
History, was then called upon to close 























the meeting. He commented that 150 
years ago the entire offering of courses 
at Harvard College, including a list of 
the text books used, was printed on one 
and one-half pages of a small book-size 
pamphlet while at the present time a large 
modern university offers 4000 courses. 
To take advantage of all of these offerings 
one individual would attend classes for 
three hundred years. When he studied 
history a three hour course might c ver 
five hundred years or more of history ut 
now such courses cover fifty years anu we 
might look forward to the time when a 
fifteen weks course in history would cover 
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an equal length of time. He suggested 
that this difficulty was created by allow- 
ing the teachers of graduate students to 
establish the courses available for under- 
graduates and he advised the pharmacists 
that they should determine how much 
time in their four year curriculum should 
be devoted to history and then put in that 
course only those things which they would 
not dare let a pharmacist escape from 
their institution without knowing. 


I believe President Hatcher has ex- 


pressed the fundamental demand upon all 
contemporary undergraduate curricula. 


National Science Foundation Appoints 
Paul E. Klopsteg as Associate Director 


Dr. Paul E. Klopsteg, Assistant Director for Mathematical, Physical 
and Engineering Sciences of the National Science Foundation, has been 
appointed to the new position of Associate Director of the Foundation. 
Dr. Raymond J. Seeger, program director for physieal sciences, has been 
appointed acting Assistant Director for Mathematical, Physical and Engi- 


neering Sciences. 


In his new capacity, Dr. Klopsteg will be responsible for assisting the 
Direetor and the Deputy Director of the Foundation in following closely 
the development of relationships with universities and with other Federal 
agencies; he will also handle special assignments of importance to the 
scientific programs of the National Science Foundation. Dr. Klopsteg, 
who came to the Foundation in November 1951, was Professor of Applied 
Science and Director of Research of the Northwestern Technological In- 


stitute, Evanston, Illinois, and is on leave of absence from Northwestern. 








What Are the Contemporary Demands 
on Engineering Curricula? 


Mining and Metallurgical Engineering 


By C. L. WILSON 


Dean of Missouri School of Mines 


At the turn of the century the education 
of the mining engineer was considered to 
have reached its highest level when the 
student went to the Bergakademie in 
Freiberg, Germany, the Royal School of 
Mines in London, or L’Eecole des Mines in 
Paris. The School of Mines of Columbia 
University was the first division of a uni- 
versity in the United States established 
specifically as a School of Mines. It was 
officially opened on November 15, 1864. 
Other Schools of Mines were established in 
Missouri, Colorado, Michigan, South Da- 
kota, Montana, and New Mexico on sepa- 
rate campuses. Mining Engineering cur- 
ricula and the B.S. degree in Mining 
Enginering were offered at numerous uni- 
versities throughout the country during 
the latter quarter of the 19th century and 
the first part of the 20th century. At mid- 
century the trend has changed and now 
students from many countries come to the 
United States for instruction in mining. 
Universities in Canada, too, offer instruc- 
tion in mining which is as excellent as that 
of the United States or any other country. 

Previous to 1920 curricula in Mining 
Engineering covered the entire field of 
what is known today as the mineral in- 
dustries. A student graduating in Mining 
Engineering would just about as com- 
monly go to a smelter as to a mine. His 
work in mining would include geological 
exploration as well as mining exploitation. 
At a smelter he might start as an analyti- 
eal chemist or assayer and then advance 


ji2 


to either smelting or concentrating opera 

tions. His curriculum in Mining En 
gineering had prepared him more or less 
adequately for any of these fields of work 
The mining engineer, because of the pro! 

ability of going to remote sections of this 
country and to many foreign countries, 
had to have some knowledge of surveying 
and Civil Engineering, Mechanical En 
gineering, especially steam power, and 
some Electrical Engineering as well as 
Chemistry, Mineralogy and Geology 
Good Mining Engineering curricula, even 
hefore the beginning of the century, con- 
tained courses in Mechanics, Hydraulics, 
Thermodynamics, and Steam Power 
Fundamental courses such as Mathematics, 
Physies, Chemistry and Drawing wer 
taught in the first two years. 

While the Mining Engineering curricu 
lum, up to about World War I, was con 
sidered adequate for the smelting or ex 
tractive metallurgist, the importance of 
physical metallurgy began to grow so 
rapidly following World War I that spe- 
cialization was introduced and curricula 
and degrees in Metallurgical Engineering 
were offered in many schools and colleges. 
The primary distinction was that the Min 
ing Engineering curriculum contained 
more courses in Geology and the Metal- 
lurgical Engineering curriculum more 
courses in Physics and Chemistry. The 
growth of the petroleum industry resulted 
in curricula in Petroleum Engineering and 
the importance of the geologist brought 
about curricula in Geological Engineering. 
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With the depletion of high grade ores, 
the art of mineral dressing became a 
necessity and while mineral dressing is 
rarely a separate curriculum in our col- 
lores today, it is a respected option or 
branch of Metallurgical Engineering. 
One more field should be mentioned and 
that is Ceramies or Ceramic Engineering 
which is the application of scientifie prin- 
ciples to the manufacture of products 
like brick, glass and porcelain from non- 
metallie minerals usually at high tempera- 
tures. Ceramies is one of the oldest arts 
known to man. 


Advances in Technology 


From the preceding evolution it can be 
seen that before 1920 Mining Engineering 
prepared the student, with a remarkable 
degree of success, to apply his education 
to engineering activities in mining, metal- 
lurgy, geology, mineral dressing and 
ceramics. In the last quarter century new 
diseoveries and applications of fundamen- 
tal sciences have resulted in miraculous ad- 
vances in technology and these advances, 
together with the pressure of competition 
requiring low cost production, have com- 
pelled industry to seek engineers with 
more specialized training. While mineral 
industries today generally require the 
services of mechanical engineers, electrical 
engineers, and civil (structural) engineers 
in their fundamental operations, they need 
engineers who are trained in specialized 
areas of what now is frequently given the 
comprehensive appellation mineral engi- 
nee ring. 

The mining engineer today deals pri- 
marily with the selection and design of 
mining methods and the proper equipment 
for mining exploitation. His work de- 
mands a knowledge of structural geology 
and map interpretation. He must be aec- 
quainted with the principles of prospect- 
ing and mine development. Succesful un- 
derground mine development requires 
ventilation and atmospheric control as 
well as blasting, timbering, transportation 
and hoisting. Operations will not be sue- 
cessful unless principles of cost evaluation 
and management are correctly applied. 
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Metallurgical Engineering deals funda- 
mentally with the extraction of metals 
from their ores and shaping them for 
utilization. This field itself has become 
highly specialized although fortunately 
not with separate academic degrees or 
even options. The curicula however are 
arranged with electives so that the stu- 
dent may specialize in mineral dressing, 
extractive metallurgy, or physical metal- 
lurgy. Mineral dressing deals with the 
mechanical separation and concentration 
of the valuable minerals from those not 
presently desired. One important type of 
mineral dressing known as flotation has 
made such intelligent application of the 
principals of physical, organie and colloid 
chemistry that good curricula now contain 
courses in all of these fundamental sub- 
jects. Extractive metallurgy deals mainly 
with smelting or leaching and these opera- 
tions require fundamental courses in 
chemical thermodynamics and_ electro- 
chemistry. Physical metallurgy is a study 
of the structure and constitution of metals 
and alloys and their relation to their 
physical, chemical and mechanical proper- 
ties. One of the most important fields of 
knowledge needed in this branch is the 
physies of the solid state. Because metals 
are relatively simple in their atomie strue- 
ture, physical metallurgy has contributed 
much toward the knowledge of the physies 
of the solid state. Courses in x-ray analy- 
sis are becoming essential. The electron 
microscope and the x-ray spectrograph 
equipped even with Geiger counter are 
tools which illustrate how physical metal- 
lurgy is dependent upon basic modern 
science. 

Petroleum engineering has likewise 
been subdivided into two distinct fields— 
petroleum production and petroleum re- 
fining. Petroleum refining is essentially 
a specialized field of chemical engineering. 
Petroleum production differs from mining 
engineering in that the end product is a 
liquid or gas instead of a solid and there- 
fore quite different exploration and ex- 
ploitation methods are required. The 
geology used in Petroleum Engineering 
must include not only structural geology 
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and stratigraphy but also paleontology 
and even micropaleontology. The science 
of geophysics finds widespread application 
in prospecting for oil and training in 
geophysics is becoming a requirement in 
Petroleum Engineering curricula. All of 
the above curricula are offspring of the 
original curriculum in Mining Engineer- 
ing. The above curricula, where accred- 
ited by ECPD, may be assumed to con- 
form to at least the minimum qualitative 
and quantitative criteria set forth by 
ECPD. They prepare engineers for the 
mineral industry which, like agriculture, 
is a basic industry upon which our present 
civilization is founded. 


Demands Becoming Greater 


The demands upon the mineral industry 
will become greater in the next half cen- 
tury than ever before. Mineral deposits, 
unlike agricultural products, cannot be re- 
planted and it is logical to assume that 
they eventually will be depleted. Substi- 
tutes for materials now commonly used 
must be found. We can here express our 
confidence in the resourcefulness of youth. 
For example, my grandfather was con- 
stantly concerned about the reckless cut- 
ting down of hickory trees. Although a 
successful business man in his day, he 
could not imagine a satisfactory sub 
stitute for hickory in the manufacture 
of wagon wheels. Another example is 
found in the extended use of bromine. 
For many years the principal and ade- 
quate source of bromine was the brine 
wells of Michigan. When motorists began 
to demand high test gasoline in larger and 
larger quantities, the brine wells of Michi- 
gan could not supply enough bromine for 
the manufacture of all the tetraethyl lead 
required. No other source of bromine ap- 
peared available except ocean water. To- 
day engineers are literally mining the 
ocean for its bromine. Our engineering 
curricula must continue to inculeate in our 
students this spirit of experimentation and 
discovery. 

Most of the mineral deposits outerop- 
ping on the surface have been discovered 


by that historical character the pr 
on his burro. 


Today the geologists mys 
explore the earth’s crusts to 
depths. Such exploration \ air 
more and more use of complicated sejey 
tific apparatus whose utilization 

mand an understanding of modern ph 
ies. Geology, formerly a descriptive 
qualitative study, must now becom 
titative to an advanced degree. Met 
of mining to greater depths will dems 
engineering skill far beyond that emp] 

in present day methods. Metallurg 
Engineering must cope with the probly: 
of treating lower grade ores an ex 
tracting such more common metals 
titanium and zireonium from their mi 
erals and aluminum from clay. In a 
dition of course we must 
selves to less wasteful and more int 
gent use of metals and materials w! 
are now common and we must insure | 
efficient secondary recovery after their us 
has been completed. 
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reconcile om 


Firm Foundations in Fundament 


Necessary 


Contemporary demands on curricula it 


mining and metallurgical engineering 
place upon us the vital responsibility t 
make it possible for the engineer wh 
graduates today to meet these changing 
and complex problems twenty-five or mor 
years from today. These demands e 
phasize the necessity of building firm 
foundations in the students’ knowledge ot 
fundamental scientific and engineering 
courses. They require a lessening of em- 
phasis upon courses which are largely 
seriptive in nature. Courses in mining 
methods, smelting methods, other metal: 
lurgical and mineral dressing operations, 
and ceramic processes must of necessity 
contain some descriptions of current pro 
cedures but these must be reduced to 4 
minimum and more emphasis must be 
placed upon design, application and ex- 
perimentation. Such contemporary de- 
mands are not difficult to meet because 
the principal requirements are not college 
buildings, laboratories and new and ex 
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pensive equipment although of course ade 
jate physical plant will always be neces 
-ary in modern engineering colleges. The 
prineipal requirement is the teacher him- 
elf who ean skillfully guide the student 
soward that only kind of successful educa 
‘ion which is self education. The teacher 
must guide the student to sources of 
knowledge and then inspire him with eon- 
‘Jence and enthusiasm. Attendance at 


METALLURGICAL 


ENGINEERING Is 


meetings of engineering and _ scientific 
societies, and particularly at meetings of 
the American for 
Education, will provide the teacher hin 

self with good guidance. By affiliation 
and active participation in local, sectional, 
and annual meetings the teacher will mak« 
it possible for ASEE to help them meet 
the contemporary demands on engineering 
curricula. 


Society Engineering 


Learning or Teaching Aids? 


In the September issue of the Journal of Engineering Education the 
Committee on Teaching Aids issued a last call for devices to be submitted 
for review and possible inclusion in the forthcoming CATALOGUE OF 


TEACHING AIDS. 


A similar appeal has been made in the past to 


industry through important technical periodicals. 
The material submitted to the Committee as a result of these pleas in- 
dieates that a wealth of high ealiber devices and ideas are available from 


engineering college teaching staffs. 


It has also led to the conelusion that 


such devices can be classified and defined as follows: 


1. LEARNING AID—A device that creates within the student a desire 
to recognize or pose a problem and which further enables him to 
understand the fundamentals underlying the solution. 

2. TEACHING AID—A device that aids or effeets the explanation of 


rather narrow areas of faetual knowledge. 


viewing both types. 


The Committee is re- 


It has been made painfully clear to the reviewing groups in civil, elee- 
trical, mechanical, mechanics and mathematies that the colleges are the most 


fertile source of LEARNING AIDS. 


Untortunately, engineering teachers 


appear to be extremely modest in offering devices for consideration by the 


reviewing committees. 


It is regretable that a personal contact cannot be 


made for all such devices but the committee must rely on the help of all 


ASEE members in ferretting out this material. 


May we have your continued help? 


The deadline is March 1. 


Cart W. MUHLENBRUCH, Chairman 
ASEE Committee on Teaching Aids 
Northwestern Technological Institute 


Evanston, Illinois 





Orientation and Development of 
Junior Engineers* 


By JOHN F. GORDON 
Vice-President of General Motors Corporation 


I am honored that your societies have 
invited me to come here tonight to speak 
upon the subject “Orientation and De- 
velopment of Junior Engineers.” With 
your permission, I would like to deviate 
slightly at times with some remarks of a 
more general nature because I feel that 
you may be more interested in objectives 
than in methods. 

In General Motors, we regard engineer- 
ing as a career of unparalleled opportun- 
ity for the young man leaving a technical 
college. It is a career of challenging as- 
signments, of interesting problems, of 
pleasant working conditions. There is 
really no limitation on progress or finan- 
cial compensation as evidenced by the fact 
that the Chairman of the Board of Diree- 
tors, the President and about half of the 
Vice-Presidents also started their careers 
as engineers. They have progressed 
through the organization as Civil, Electri- 
eal or Mechanical Engineers into their 
present executive positions. Moving a 
little lower on the seale of corporation 
authority shows a remarkably high per- 
centage of engineers in positions of great 
responsibility in the divisions as general 
managers, works managers, chief engi- 
neers, and plant managers. These facts 
assume even greater significance when it 
is realized that graduate engineers repre- 
sent less than two percent of the employ- 
ees and all of our men classified as en- 


* Presented before the Engineers’ Council 
for Professional Development in Chicago on 
Friday, September 5, 1952, in connection 
with the Centennial of Engineering. 
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gineering employees do not add 
five percent of the total. 

There is no specifie procedure 
motion which makes it particularls 
for the engineer to achieve suc! 

On the contrary, the promotion into im 
portant executive positions of engine: rit » 
personnel is considered one of the major 
reasons contributing to the phenomenal 
growth of General Motors during the past 
twenty-five years, when product sales hay: 
been multiplied over seven times, net | 
come increased three times and emp 
increased from 130,000 to 469,000. 

We believe the results achieved in th 
corporation emphasize beyond any word 
that I might say tonight how importantly 
the various types of engineering science 
have contributed in men and craieie: t 
the growth of one of the nation’s 
business enterprises. 

We approach the future with confidence 
that the same form of progress will con 
tinue on an accelerated basis because the 
percentage of engineering personnel t 
other employees should continue to in- 
crease and show a correspondingly greater 
contribution to our corporate 
With this psychology in mind, it is onl} 
natural that we approach the employment 
and development of junior engineers with 
a complete realization of their potential 
worth to our future programs, even 
though we know that the true value of 
their training may require ten to twenty 
years for development into full signifi: 


Today we hear a great deal about 
fort 


success 


cance. 
the shortage of engineers, and every el 
is being made to attract graduates to in- 
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justrial employment. At the same time, 


much is being done to stimulate interest 
n the study of engineering among a larger 
number of high school students. 


Indus- 
trially, we are redoubling our efforts to 
nake better use of experienced engineers 
+) their full abilities by effectively using 
the engineers who are available and by 
dlling the more routine type of technical 
positions with people having a limited 
background of training. 

We know that a fair sized percentage 
of those who start the study of engineer 
ing do not finish. Some drop out for 
fnancial reasons; some are attracted by 
obs offered to them before they graduate 
and some find they do not have sufficient 
interest or the necessary ability to con 
tinue this training. Some of these change 
their courses to other fields, such as 
business administration. I do not believe 
we should worry about this as a by-prod- 
uct of efforts to attract more high school 
graduates into the study of engineering, 
because a good percentage of such stu- 
dents will have gone far enough in their 
studies to learn the fundamentals of the 
engineering approach’ to problems and 
will find employment in which they can 
make valuable contributions. From a 
long range standpoint we need graduate 
engineers who can handle the problems 
of product design and development but 
we also need those who can apply the 
engineering approach to the problems ot 
production, business administration, sales 
and human relations, even though they 
may not be graduate engineers. 


Employment of Engineering Graduates 


While I am talking about the present 
shortage of engineering talent, I think 
it is desirable to explain our method of 
determining the number of college gradu 
ates we need to employ each year. This 
is important in its effect on our program 
of development for these men after they 
reach employee status inasmuch as we 
desire neither too many nor too few in 
the organization. Too many can easily 
result in injustice to the employees pro- 
motion rate; too few can only result in 
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inadequate rate of progress for the com 
pany. Each separate division and ecor- 
poration staff activity is requested to 
analyze its fields of work and the demon 
strated educational requirements for sue- 
cess in those fields in order to determine 
the educational courses from which gradu 
ates should be recruited. The field of 
engineering education comprised 869% of 
the group requested for recruitment in 
1952. Consideration is also given to sueh 
other factors as retirements, normal turn 
over, and possible growth or expansion of 
the organization in arriving at the prob- 
able number of future opportunities in 
the various departments of the business. 
Also taken into account are such factors 
as the number of General 
Motors Institute students in training, 
those available for promotion from other 


our own 


non-collegiate personnel, and the average 
number of graduates who drop out during 
their first few years of employment 
From the study of these statistical analy- 
ses, each division determines the number 
of new graduates to be employed. As a 
general guide it is suggested that each 
unit employ at least one graduate per 
year for each one thousand employees. 

A similar approach is used in the de 
termination of the number of General 
Motors Institute students to be sponsored 
by each division or staff group. In this 
instance the sponsoring unit must not only 
take into account a possible loss in grad- 
uates during their first years of employ- 
ment after graduation but also some loss 
in students during the four or five years 
of collegiate training prior to gradua 
tion. 

The Institute beeame a part of General 
Motors in 1924 and is now the focal point 
of our training activities for the entire 
corporation. The most important 
ments of its activities are the cooperative 
collegiate programs in mechanical en 
gineering, industrial engineering and 
business administration. These programs 
were established because it was felt that 
a portion of the engineering talent 
needed by the corporation could be found 
among our own employees and effectively 


seg 
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trained in our own operations—particu- 
larly in the fields of automotive design 
and manufacturing. We have evolved 
balanced program of training at the col- 
legiate level within the organization and 
recruitment of graduates from other col- 
leges whereby we capitalize to the maxi 
mum on our internal “know-how” but 
maintain full access to the variety of 
viewpoints and educational backgrounds 
developed at other colleges across the 
land. We feel justified in claiming that 
the program results in an industrial team 
of unusual strength and ability in both 
theory and practice. 

For example, in arriving at its quota of 
Institute students for its engineering de- 
partment in 1950-51, a typical division 
of General Motors, made the following 
analysis: 

Needs: 

Number of exempt personnel in the de- 

partment 

Number of yearly losses plus number 

needed for expansion 


Number of new graduates nee de d eac +h 
year. 
Sources: 
Number to be promoted from non- 
collegiate ranks. . : 
Number to be rec ruited from colleg ges... 2 


Number of G.M. Institute graduates 
needed a cee is 1 


After adjusting for a possible student 
and graduate loss it was estimated that 
the number of G.M.I. students would 
be two per year. A similar analysis was 
made for each of the other departments 
and the division arrived at a figure of 14 
Institute students in engineering and 
business administration needed each year 
in addition to 8 graduates from other 
colleges. 

We believe this is a factual and realistic 
approach to the troublesome problem of 
arriving at the number of graduates 
needed in our industry. It gives primary 
emphasis to the places where there are 
opportunities. It reduces over-recruit- 
ment. It is fair to employer and em- 
ployee alike. 
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You may be interested in the { 
comparison between the numb 
eral Motors Institute and other e 
ing graduates employed during 
four years: 


Year G.M.1, 
1948 242 
1949 350 
1950 301 
1951 200 


4 year totals 1093 1067 


You will note that we have 
something over 500 
per year for these four years 
many as 632 entering our organizatio: 
a single year. Each of thos 
employed with full expectation 
opportunity for a 
the corporation, 
the ability to justify that 
integration of such a group would be a 
major problem if it were attempted on a 
centralized basis, but it is not a 
plished that way. With the decent: 

tion of operations which is the keysto 
of our management. policy, the orientat 
and development program is in the |! 

of divisional management at Chevrolet 
Cadillac, at Electromotive or Deleo-Rem) 
or one of the many other divisions ( 
business under the General Moto: 

ner. As is true in all other phases 
business, however, the individual dis 
expect and receive direction and advic 
from the central office staff, executives 
and the Personnel Policy Committee 
the corporation to assist them in t! 
program with college graduates.  T! 
advice is not based on the premise 
college graduates should be established as 
a separate group nor given preferential 
treatment. Like all other employees, it 
the graduate’s responsibility to develo) 
himself, prove his worth and show what 
ever potential he has for greater respo! 
bility. 


new graduate 


awaited | 
he could demo: 


career 


eareer. The 


Emphasize Need for Competent 
Engineering 


In General Motors we recognize that 


the operating suecess of the corpo: 


tio? 
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depends primarily upon a continuous pro- 
cram of development and improvement 
in the major elements of facilities, prod- 
nets, and personnel. It goes without say- 


ng that improvements in our facilities 


and produets require an extensive pro 
sram of research and development under 
the guidance of engineers and scientists. 


Each change in plant layout, each im 
provement in manufacturing methods, 
each revision in equipment involves en- 
gineering problems. Almost every phase 
of the business except sales and legal 
onidance emphasizes the need for eompe 
tent engineering. 

We also recognize that the young engi 
neers we employ come to us with a good 
fundamental understanding of engineer- 
ing theory and some background in its 
application. In a sense they are the 
partially processed personnel material out 
of which will come many of our ranking 
engineers and executives of the future. 
Thus it is our responsibility to establish 
procedures which will assist the graduate 
n his introduction to industrial employ- 
ment and at the same time maintain him in 
in environment which will stimulate and 
promote his growth. Provided with these 
helps, it is still required of the individual 
employee that he take the initiative in 
self-development through use of the op- 
portunities that are presented to him. 

In meeting the requirements I have 
utlined, the majqrity of our operating 
divisions have set up orientation training 
programs for the college graduates on 
their rolls. While these programs are 
tailored in content and length to match 
the situations in different divisions, gen- 
erally they are designed to acquaint the 
new employee with the products and 
practices of the plant, give him a brief 
iequaintanceship with the work of its 
principal departments, and help him to 
learn what is expected of him in an in- 
dustrial position by observation of the 
vork of other engineers in the organiza- 
tion. These programs usually consist of 
series of practical work assignments in 
the departments or sections of the Di 
visions related to the field of work for 


which the graduate was employed. For 
example, a junior engineer might be given 
brief assignments for observation in man- 
ufacturing, production 
counting, sales, traffic and purchasing in 
addition to his major work assignments 
in product design and development. This 
vives him a limited amount of information 
about the business, but primarily helps 
him to understand the interrelation of en- 
gineering activities with other activities 
in the organization. It is also helpful to 
employee and management in proper 
placement of the new man in his first post- 
training work assignment. 


engineering, ac- 


Professional Development Encouraged 


An essential element of all in-plant 
training programs is frequent contact be 
tween executives of the management 
group and the trainees, as this provides 
the opportunity for our young engineers 
to aequire some of the practical knowledge 
that these older men have accumulated 
during their years in the division. Even 
more important in our opinion—it helps 
the youngster to know that his efforts are 
being recognized, that his capabilities are 
being evaluated, and his professional code 
is being improved by these contacts. We 
try to impress upon the young engineer 
the fact that his technical educational 
opportunities did not end when he re- 
ceived his degree. He is urged to partici- 
pate in the meetings of local technical 
societies, in community affairs and plant 
activities of various kinds, always with 
the objective of his personal and _ pro- 
fessional development through the medium 
of his own activities. 

Even the most talented group of young 
engineers would be at a loss if we did not 
provide them with the physical facilities 
needed in their professional efforts. We 
are justly proud of the excellent buildings 
and equipment in use by our divisional 
engineering departments. From them 
have come many of the major improve- 
ments of modern transportation, such as 
the high compression engines, the light 
weight two cycle diesel engines, auto 
matic transmissions, all steel bodies, ethy! 
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gasoline, diesel locomotives and jet en- 
gines. Our research laboratories and 
product proving grounds have been of in- 
valuable assistance to the chemists, metal- 
lurgists and engineers with the ability to 
study and evaluate some of the funda- 
mental factors of combustion, lubrication 
and power development. 

Yet, we are not satisfied. Construction 
work is now in progress, as it has been 
for three years, on a new Technical Center 
on the outskirts of Detroit. When com- 
pleted, it will house staff activities in re- 
search, engineering, styling and process 
development in a group of buildings that 
provide an entirely new concept of in- 
dustrial research to meet tomorrow’s 
needs. Our young engineers are well 
supplied with facilities whieh will aid 
them in making professional progress, 
and will be even more adequately supplied 
in future years. 

I have spent some time in discussing 
the technical phases of our development 
program for young engineers with full 
knowledge that any orientation program 
aimed only at engineering competence 
would be inadequate. Consequently, I 
would like to direct attention to the “hu- 
man engineering” factors in the same 
program and thus leave with you some of 
the psychology of General Motors in deal- 
ing with its employees. 

It should be obvious that any large 
corporation is an organization of many 
people in which no single individual is 
apt to reach his personal objective with- 
out the voluntary cooperation and assist- 
ance of his associates. Experience has 
demonstrated many times that the degree 
of cooperation is determined by the per- 
sonality factor more than anything else. 
Modern industrial progress depends on 
teamwork to such a degree that the gradu- 
ate must be able to submerge his in- 
dividuality to a considerable extent in 
order to become an effective member of 
that team. As a member of the team, he 
must be capable of making his own con- 
tributions, yet be flexible enough to 
change his own ideas as new thoughts are 
presented to him by other members of 


the group. Few indeed are the 
positions wherein an engineer . 
as a “lone wolf.” If he honestly 
to progress, he must be able to ad: 
self to the organization in a whol, 
manner. He must learn to wi 
people until his responsibilities 
to such an extent that the major 
ment is for people to work with hi 


Personality Development 

Much of the executive effort going 
our development program aims at thy 
of influencing and correcting person 
and professional characteristics which, j 
left unchecked, could and probably would 
have an adverse influence on the in 
al’s future progress in the organizatio) 
This is a difficult task but th 
justify a great deal of effort. 

Actually, we believe that the essent 
components of a successful career in 
corporation can be reduced to just t 
requirements on the part of the 
graduate engineer: 


(1) The graduate’s native abilities such 
as health, energy, imagination, in 
telligence, initiative and co) 
able characteristics. 

The graduate’s ability to 
stand and use the known 

the arts and sciences—as you hav 
taught him to do in his fo 
education. 

The graduate’s understanding and 
appreciation for the so-called “w 
written laws” of the practic 
engineering by which his own ¢! 
forts are integrated into the | 
field of industrial production 


Believing as we do regarding the es 
sential components of a successful career 
our “human engineering orientation” at 
tempts to assist the development of each 
of these components within the limits 


+ 


our abilities. We recognize our limita 


y 


tions in seeking much improvement 
native abilities except as we utilize ex 
isting qualities to their best advantag: 
However, the requirement of high lev 
native ability is sufficiently important that 
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give it careful consideration in the 
students at General 
and in the screening 


we 
selection of our 
Motors Institute 


prior to recruitment of all other college 


eraduates. Perhaps I should say that we 
value above average physical and mental 
characteristics in combination with pro- 
fessional ability very highly, and make 
every effort to determine, in advance, that 
our new engineers will have an abundance 
of native ability before they enter the 
corporation as engineering employees. 

With reference to the second require- 
ment for suecess—the graduate’s ability 
to understand and use the known laws 
of the arts and have no 
quarrel with existing formal education in 
technical colleges. The graduates who 
join us each year are well instructed in 
the fundamentals of theory but lack back- 
eround in its application except to a very 
limited extent. This feeling is engendered 
to a large degree by our extensive experi- 
ence in cooperative educational programs 
involving thousands of men in our or- 
ganization. We place a high value on the 
extensive background experience gained 
by cooperative students during their years 
as undergraduates, and would like to sug- 
vest greater efforts on the part of colleges 
to secure comparable opportunities for 
their students through summer employ 
ment or similar industrial contacts. 

It would be relatively easy to speak at 
great length on the third requirement for 
suecess Which covers the unwritten laws 
or the professional eode of engineering 
practice and behavior because I am very 
familiar with the subject. It is only in 
the last few years that I have not been 
devoting all of my time to the practice 
of engineering. I mention these years of 
professional experience in order to place 
proper emphasis on this statement—very 
few of the many engineers that I have 
known, failed to progress due to insuf- 
ficient technical ability. Many have been 
found lacking in personality or personal 
characteristics and their lack of develop- 
ment as a professional failure. 
The price of these failures is large at any 
time, but it grows greater when the man 
is allowed to move along in the organiza- 


sciences—we 


classed 
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tion for some time before his shortcomings 
are evident. We try to avoid such mis- 
takes throughout our development pro- 
gram by frequent appraisal of each in- 
dividual in the program by expert 
counseling aimed at correction and by 
continuous association with experienced 
engineers. If all of these methods fail to 
produce the desired results, there is al 
ways the possibility of transfer into other 
activities of lesser requirements. 

My talk has covered some of the things 
we believe are important in providing 
opportunity for self development to the 
engineers in General Motors. This con- 
cept of an individual “developing himself” 
as opposed to “being developed” by the 
company recognizes that no one is fore- 
ordained to become an executive although 
we strive to achieve that result over a 
period of years. 


Cooperation with College Faculty Sought 


We aspire to a closer relationship and a 
better understanding between college fac- 
ulty members and the men of our industry 
who have responsibility for carrying out 
the program I have just outlined. To 
achieve this result in General Motors 
we are giving added emphasis to our edu- 
cational relations activities with engineer- 
ing colleges. This program provides for 
periodic conferences of technical educa- 
tors with our engineers in order that we 
can become better acquainted and develop 
a more complete understanding of our 
mutual aims. We are preparing to fur- 
nish qualified industrial speakers on en- 
gineering topics and to the use of other 
media for making available engineering 
and manufacturing data which is suitable 
for supplementary use by colleges. We 
are studying ways and means of providing 
some of our products for instructional 
and testing purposes in the schools. We 
are interested in every possible improve- 
ment in our program to make it suecess- 
ful and practical because we place great 
faith in the ability of these young men to 
assume responsibility for a large part of 
the engineering, industrial and economic 
leadership of tomorrow. 





Can Engineering Graduates Man a Com pany? 


By E. G. BAILEY 


Chairman of the Board, Bailey Meter Company 


My answer to the question, “Can en- the present, very poor management o} 
gineering graduates man a company?” is company may not be evident, even to {| 
yes, because they are now doing it very stockholder. 
creditably in many cases. The important Now, let us review some averay 
ynoint is: How can each one of us study tistical data from the Engineers Joint 
the many cases at hand and draw some Council survey of 1946 on “Employer 
helpful conclusions regarding college cur- Practice Regarding Engineering Gradu 
riecula, selection of graduates, training, ates.” In this summary 125 companies, 
and promotion of engineers for the best with a total of 2,020,000 total employees, 
interests of our industrial economy ? reported 35,000 engineers employed. T 

The success of a company is usually is 1.8 per cent of the total numbe 
measured by its usefulness to mankind, employees, or one engineer for each 55 
its rate of growth, and its earnings. A employees. In some industries the 
good record in these respects is usually gineers were 6 per cent of all employ: 
the result of team work on the part of and in others as low as 0.3 per cent. In 
management to evaluate properly the some groups the engineer executives co 
needs in a given field of products or prised 50 per cent of all executives of 
services, and to accomplish results through the same rank, and in others as low as 15 
invention, development, production meth- per cent with an average of 28 per cent 
ods, sales, services, and finance. The anticipated increased need of 

The August 30 issue of Business Week gineers was 6 per cent per year of the e1 
gives some interesting data regarding ten gineers then employed, or one engineer 
companies which show a marked contrast for each 1000 employees. 
from the average of industry generally From this survey a median of the 14 
over the same period. Eight of these ten companies within the machinery group 
companies show an average increase in has been selected to represent a typica 
invested capital of 42 per cent per year average industrial company. This we 
from 1929 to 1951, while the invested shall call “X-Machine Company,” em 
capital of industry generally inereased at  ploying a total of 7000 people and hay 
the rate of 2.8 per cent per year over the ing gross sales of about $80,000,000 pe: 
same period. year. This is a fairly representative fig 

The net profits of the eight companies ure of about $12,000 output per « 
averaged 11.2 per cent of invested capital ployee. 
in 1929 and 9.6 per cent of the increased This company employs 133 engineers, 
capital of 1951. Some of these data are 28 of whom, which is 21 per cent, are in 
viven in the aecompanying table. It executive and top management positions. 
would be interesting to study the manage- The total number of executives and uppe! 
ment policies of these companies with managers is 64, of whom 44 per cent are 
respect to our topie. engineers. 

Statisties alone are sometimes mislead- This industry group said they needed 5 
ing. During a depression the earnings — per cent additional engineers per year, OY, 
and growth may be poor even though the for “X-Machine Company,” 11 engineer 
management is good. Contrariwise, dur- ing graduates each year, or 11 engineers 
ing an inflationary “easy prosperity” like per 1000 employees. 
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CAN ENGINEERING GRADUATES MAN A COMPANY? 


DATA FROM Business Weel 


August 30, 1952 


page 


Abbott Laboratories 

\Juminum, Ltd. 

\merican Cyanamid 

B. F. Goodrich 

Humble Oil 

International Business Machines 
Minneapolis-Honeywell 
Minnesota Mining 

\fonsanto Chemical 

Scott Paper 


Total 
Per cent of invested capital 
Total with omission of B. F. Goodrich and 
Humble Oil 
Per cent of invested capital 


High Percentage of Engineers Desirable 


In my opinion, a company in this kind 
of engineering business should have about 
80 per cent of its executives with engi- 
neering training. The this 
is that an engineering education is emi- 
nently helpful as a background for factual 
approach to the problems encountered in 
industry, based upon engineering proc- 
Many com- 


reason for 


esses, products, and services. 
panies do not now have this high per- 
centage of engineering graduates but 
they should gradually build up to a higher 
ind more adequate proportion. 

Whether a company is increasing its 


proportion of engineers or continuing on 
a normal basis, it should employ a certain 
number of new graduates each year. I 


mean each and every year whether busi 
ness is good or bad. One of the mistakes 
which many companies make is to take 
on fewer graduates when times are a 


little slack. This leaves a gap in the 


58 


274.9 
239.8 | 
916.5 
318.3 
80.0 
106.6 
263.4 
67.2 


2778.1 


1621.8 


supply of properly trained men a few 
years later when they will need more 
men than they will then have. For in- 
stance, we all short-changed the 
neering graduates during the depression 
of the thirties, and subsequently we 
needed them badly during World War II. 
In 1949 all of 
were not 


eng 


the available engineering 
graduates given proper jobs 
and, as a result, 
perienced today. 

Hiring the proper quota of new gradu- 
ates is not enough. They should 
rolled in proper training courses and 
given every opportunity to learn the 
business and develop into positions of re- 
sponsibility and leadership. To help in- 
dustry do a better job in such training 
is the purpose of Mr. Montieth’s activities 
in ECPD during the past few years. 

I will not go into detail regarding the 
training course itself but I would lke to 
express some opinions about the problems 
of the later advancement of these trained 


a shortage is being ex 


be en 





324 CAN ENGINEERING GRADUATES MAN A COMPANY? 


engineers through the upper echelons of 
the company. 

Engineering graduates, while they have 
received the correct basic engineering 
training, are human beings with differ- 
ences in temperaments and abilities in 
both technical and administrative fields. 
To successfully man a company with en- 
gineers requires considerable development 
of the men over and above what they are 
when they receive their diplomas. 

The usual organization chart is drawn 
to show the line of authority running 
down from the top. It should also be 
looked upon as the path for advancement 
from the bottom upward toward the top 
position of president. 

Upon completion of the training course, 
the engineer is usually assigned to a de- 
partment in a particular division and 
then, for a time at least, left to the merey 
of whomever happens to be his immediate 
boss. 

I think the education department should 
have a continuing interest with some co- 
operative authority to make sure that the 
individual is treated fairly with reason- 
able assurance that his advancement will 
be the greatest of which he is capable. 

At some point in this upward progress, 
each man should become known personally 
to the top management so that he will be 
properly evaluated and given every pos- 
sible chance for deserved promotion in- 
sofar as justified by relative competitive 
abilities. 


Engineers for Top Jobs 


Now a word about engineers for top 
jobs in comparison with men trained in 
the legal, financial, or “business adminis- 
tration” fields. 

The top executives should form a strong 
team, proficient in finance, sales, produc- 
tion, and especially in engineering, re- 
search and development, and invention. 
Each and every one should know the 
product in every detail, and especially 
from the customers’ viewpoint. 

The customer is all-important and a 
full knowledge of his needs and future 
trends should be known not only by the 


sales department but also by the 
tion and engineering department 
especially by the president. As the 
ucts and services of, industry are 
within the engineering field, it is by 
all members of this management 
should be engineers or men with »; 
gineering background who have ad) 
on their own initiative into fi 
finance, sales, and management. 

Some lawyers and bankers } 
come very engineering minded ar 
used good judgment in making 
decisions regarding engineering, resi 
and development problems when thi 
confidence in and give opportunities 
the engineers in the team to analyz 
evaluate the problems properly. 

The degree of suecess of a company 
rests almost solely with the president or 
top executive officer. It is he who sel 
the vice presidents and top staff an 
tablishes the policies and methods 
ordinating the different divisions and 
partments, 

Many of the most successful compar 
large, small, and intermediate in size 
have done very well in the training and 
advancement of engineering graduates 
throughout their organizations up to and 
including the presidency. 

Those that have not done so well in t! 
respect simply do not grow and pr 
They either limp along, or fail, or 
absorbed by others. When a successful 
company makes some changes that are 
not for the best, it may be several years 
before the mistakes are fully realized, be- 
cause a going concern can drift for s 
time upon the reputation and momentum 
of the past. 

Many of us can relate cases where 1m 
provements should be made, but it is best 
to study factual data of successful com 
panies for the benefit of all. The en 
gineering profession should present to the 
top executives of American Industry 
lustrative factual data relating to 
successful use of engineers in such ar 
fective manner that all will strive to im- 
prove their present methods for selecting, 
training, and advancing engineering grad- 
uates within their respective companies. 


t} 
the 





Manpower Utilization and National Security* 


3y ARTHUR S. ADAMS 


President, American Council on Education 


The steadily increasing demand for 
trained personnel by the military services 
and by the productive economy of the 
country emphasizes the urgency of the 
need for finding effective and equitable 
solutions to the problems of manpower 
itilization which Mr. Brown has identified 
so clearly. 

In dealing with these problems, how- 
ever, our concern with total overall al- 
location of manpower should not blind 
us to the overriding importance of the 
concerns and interests of the 
individuals who comprise that total. 

The principle that each of us has an 
obligation to serve our country is cer- 
tainly the fundamental basis of our free 
emocracy. Indeed, we need to recognize 
more clearly than we now seem to do that 
we, each of us, can expect to continue to 
enjoy the blessings of liberty only in the 
easure that we accept the commensurate 
and personal responsibility which free- 
dom so surely entails. 

Likewise, there can be no dispute on 
the principle that each person should 
serve where he can serve best, in the light 





attitudes, 


of his abilities and limitations, his talents 
and his training and that such service 
should be up to the full potential of his 
capacity. 

Yet in all of these considerations, as we 
give attention to the maximum contribu- 
tion of each individual, we should—in- 
deed we must—recognize the aggregate of 
contributions of all individuals in relation 
to the total needs of the country. Our 
build-up in military strength in which sei- 





*A statement by the Engineering Man- 


power Commission of Engineers Joint Coun- 
i] 
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ence and engineering play such vital roles 
is assuredly of great importance, but I be- 
lieve we can all agree that it is only a part 
of our total national problem. Of equal 
importance are our efforts to develop 
connections of mutual understanding and 
support with the other nations of the 
world. 

Perhaps our most powerful weapon is 
our effort to provide full access to the 
facts about our way of life rather than to 
ring down an Iron Curtain between our- 
selves and other nations. In this effort 
to promote understanding between other 
nations and ourselves, men and women 
trained in the social sciences and the hu- 
manities have vital and significant parts 
to play. The fact that they have these 
parts to play does not in the least mini- 
mize the essentiality of the contributions 
to be made by engineers and the scientists. 
We need skilled people in all of the disei- 
plines. We must recognize that there is a 
shortage of manpower and womanpower 
for all of these necessary activities. 

In a speech in this city last spring, Mr. 
Robert L. Clark, Director of the Office 
of Human Resources, of the National Se- 
curity Resources Board, made this point 
with particular effectiveness by detailing 
the current scarcities for earth-scientists, 
geologists, geophysicists, meteorologists, 
oceanographers, geographers, soil-conser- 
vationists and agronomists, and then went 
on to make the significant point that while 
“adequate military manpower plus scien- 
tifie, technological, and managerial suprem- 
acy will give us maximum military strength, 
it must be borne in mind that military 
force has the ultimate object of achieving 
a change of behavior of an enemy only 
after reasonable means of persuasion have 
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failed.” As he put it “an intelligent view 
of our national security requires that we 
have the same kind of concern with the 
characteristics and behavior of people in 
all parts of the globe that we so obviousl\ 
have with the characteristics and behavior 
of matter.” 

To achieve an understanding knowledge 
of other people requires clearly that we 
have an adequate supply of people who 
are expert in all of the factors of life of 
those people. Certainly we should know 
as much as possible about our principal 
adversary, Russia. Yet in the last four 
years only thirteen Americans have taken 
Ph.D. degrees in Russian language ac- 
cording to the reports of the U. 8. Office 
of Education. It seems abundantly clear 
to me that in framing our overall man- 
power policy, we must take account not 
only of the obvious needs of technology 
and science but of the equally impressive, 
although not so obvious, needs in other 
areas of knowledge. 

It was on the basis of this sort of thought 
that the present Selective Service policy 
concerning college deferments was based. 
In these days when, as Dorothy Thompson 
has said, “man’s means of communication 
so far outstrips his ability to communi- 
eate” we must take provident action to be 
sure that we have qualified people in as 
great a number as possible in all of the 
departments and subjects of human 
knowledge. We cannot be sure but that 
at some future time, it may be vital to our 
security to have the specialized knowledge 
of some few individuals who like the 
specialists in eoral formation in World 
War II were able to do so much to push 
forward the campaign in the Pacific. To 
put it another way, we can never be sure 
that some type of specialized skill, not 
now considered especially important, may 
become critical in meeting a national need. 
Who would have argued in 1929, when 
Dr. E. O. Lawrence started his researches 
with the cyclotron at the University of 
California, that a nuclear scientist would 
be essential to our military defense in 
1952? 


Concept of the Individual is Jy 


In meeting these total needs ] 
that we are sometimes blinded to th, 
portance of individual hopes and 
tions by the sheer weight of numly mY t} 
which we have become concerned. We gp: 
to thinking of people as units 
cational tags attached. It is om 
to talk about the need for twenty. ; 
or forty thousand engineers; it. 
another to think about one you 
who wants to become an engineer. fe 
that we must constantly keep in mind tha: 
we are dealing with individual people an 
that what they want to do in order } 
make their contribution is important, 

As a person trained in engineering ay 
also as one who has participated in bot 
World Wars I and I], I cannot subseri} 
to the notion that a plan for compulsory 
exemption from service for any group i, 
in the national interest. In my opinion, it 
is not even in the interest of that group 
no matter how important the services oi 
those who form the group may be toward 
meeting our total need. For example, t 
refuse enrollment in the Reserve Officers 
Training Corps of scientific and engineer 
ing students would seem to me to bi 
invasion of the individual’s treedo 
action as a citizen. Now at the 
time, I would hasten to say that if suc! 
individual did enroll in the R.O.T.C. and 
subsequently entered upon active duty 
it would be only common sense for tl 
military service of which he was a part 
to do its utmost to make full use of | 
special talents in assigning him to duty in 
which those talents could be fully used 

One further item on the R.O.T.C, 
which Mr. Brown alluded. Both the Army 
and the Air Force are undertaking during 
the coming year experimental curriculum 
revisions by which branch and special des 
ignations for various components in the 
R.O.T.C. will be abandoned in favor of a 
general curriculum. Some of those es 
pecially interested in our current en 
gineering shortage have expressed con 
that this move will militate against the 
most effective assignment of these young 
men when they graduate insofar as utiliz 
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coneerned. 

ny opinion, this concern is not justi- 
fed. I am informed by responsible of- 
dcials of the Department of Defense that 
t is precisely to make better use of the 
ndividual’s professional training that the 
hange is being made. 

In many of our institutions we have had 
nits of the R.O.T.C. in, let us say, field 
ittillery, coast artillery, infantry or other 
branches which offered the only opportu 


ng their special training is 


nities for the enrollment of engineering 
students in the R.O.T.C. 
sioned in a particular branch, a young 
R.0.T.C. officer found it difficult to trans 
fer to a branch of the service to which his 


Onee commis 


professional training was more germane. 
In the new plan each graduate of the 
R.O.T.C. will have an opportunity to in- 
dicate a preference for that branch of the 
service Which he desires and for which he 
is best qualified. Moreover, it is my un 
derstanding that careful procedures are in 
prospect by which his indication of his 
preference will be reviewed by those com- 
petent to appraise his professional qualifi- 
It would therefore appear that 
the move of the Army and the Air Force 
to a general curriculum is a move in the 
direction of the better utilization of this 
individual’s strength which I think we will 
all agree will lessen our present concerns 
with waste of engineering talent in the 
military service. 


cations. 


Supply of Engineering Graduates 


It is interesting to me, and I hope it is 
to you, that on December 30, 1947, I par- 
ticipated in a symposium in this city at 
the annual meeting of the American <As- 
sociation for the Advancement of Science 
which had for its subject “Insuring Ade- 
quate Scientific Personnel.” At that 
meeting it was reported by others that 
there was likely to be an over-supply of 
engineers by 1950 with certain engineer- 
ing specialities having a much greater 
over-supply than others. It was further 
reported that the immediate attempt to 
train more scientists might do more harm 
than good because in the long run there 
is a danger of shortage of high quality 
scientists because of the then current 


AND NATIONAL SE 


URITY 


over-crowded conditions in 


eolle ves and 
universities. 


In my remarks at that symposium ] 


offered an exactly contrary opinion. It 


seemed to me then as it does to me now 
that while it may be theoretically desir- 
able from the standpoint of utilization of 
manpower to have the number of 
exactly mateh the number of 
trained for them, I considered it fortunat: 
that conditions make precise 
planning in this area impossible. I 
grave limitations in an 
stricted in outlook that it would provid 
adequate basis for only one type of oe 
cupation. “It seems to me axiomatie that 
education to be worthy of the n 
do much more than to fit a person for a 
particular vocational slot in the social 
system. Our objective should be to de 
termine and then to develop to the fullest 
possible extent the capacity and aptitudes 
of individual students. Unless the indi 
vidual has greater than those 
demanded by any specific job he may 
undertake he lacks that adaptability to 
changing circumstances not 
merely the hallmark of the educated man 
but the margin of flexibility which permit 
our democratic society to progress.” 


jobs 


people 


changing 
see 


education so re 


ame must 


resources 


which is 


Engineers Play Vital Role in Our So 


Today we know that the predictions of 
December 30, 1947 about an over-supply 
We do need 
more engineers and we need good engi 
neers. The Engineering Manpower Com- 
mission is to be commended for its efforts 


of engineers were incorrect. 


to attract into the engineering profession 
young men and women qualified to profit 
from this type of education. This is in 
deed an important matter which is econ- 
tributing with notable significance to a 
better the American 
people of the vital role that engineers 
have in our society. In order that this 
appreciation may develop into a_ true 
public understanding there must be con- 


appreciation by 


fidence that the case for engineering takes 
into account our total national needs to- 
gether with full the 
portance of the individual. 


recognition of im- 





Manpower Utilization and National Security * 


A Statement by the Engineering Manpower Commission of 
Engineers Joint Council 


By CAREY H. BROWN 


Chairman, EJC Engineering Manpower Commission. 


ivery citizen shares the universal obli- 
gation to serve his country. The type of 
service he can best render depends upon 
his abilities and limitations, his talents and 
training. For the best interests of the na- 
tion, each person should serve where he 
can serve best and up to the limit of his 
abilities and capacity. This concept de- 
mands service, not only in uniform, but 
also in those activities that must be main- 
tained to support the national economy. 
Such activities include agriculture, de- 
fense, and other essential production, 
transportation, communications, medicine, 
education, government, and others, re- 
quired in the national health, safety, and 
interest. 

Today our nation faces an indefinite pe- 
riod of partial mobilization. In addition 
to a shortage of manpower within the age 
brackets considered suitable for military 
service, the mobilization is further com- 
plieated by a dearth of technical and sci- 
entific manpower to satisfy the needs of 
the military forces and of other essential 
activities. Because of the low birth rate 
during the depression years of the 1930's, 
we are faced with a decreasing number of 
young men reaching age 18 each year. 
This decrease will continue through 1953 
and the trend will not be reversed until 
1956. 

During frontier days all citizens ac- 
cepted the necessity of bearing arms to de- 


* Presented at the Conrad Hilton Hotel, 
Chicago, Illinois, September 7, 1952, in con- 
nection with the Centennial of Engineering. 
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Member ASME 


fend their homes. Generally the 
of defensive action 
short duration and the action was 
character. The call to arms cause: 
interruption of the essential pr 
needs of the community. 

Today the situation is different. 
not be met with the response or p! 
ophy of frontier days. Our essential 
needs are more complicated and diverse, 
largely because of the change f) 
agricultural to an industrial econom 
of the higher standard of living whic! 
the product of industrial developm 
Requirements for defense are likewis 
more complicated and diverse. The scen 
of action is no longer local. The weapon 
and equipment of the modern fighting mar 
are complex. The development and yn 
duetion of better weapons and equipment 
requires a higher and higher level of engi 
neering and scientific skills, especially 
research and development activities 

We are now far more dependent in 
dividually upon the productive efforts of 
others than were our forebears. We mu 
provide manpower to support the civil 
economy as well as the military effort. In 
terruption, or serious reduction, of indus- 
trial activities because of a policy which 
would remove an essential group there 
from to render extended service in uni 
form, may have grave consequences. It 
could easily seriously reduce the develop- 
ment and production of the very equip- 
ment needed most by our military forces. 

Security of this country is not a ques 
tion of uniformed manpower alone. It 


were of 
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.qually a question of ability to produce 
ods and equipment, not only for the 
sail iry forces, but also for that part of 
civilian economy which is essential to 
continued Our potential 
mies greatly outnumber us on a man 
Study shows that wars are 
won by sheer superiority in the num 


existence. 
r-man basis. 


vrs of fighting men, or by prewar mill 
training or service alone. They are 


n through superior equipment and 
roductive capacity. 

Germany and Japan provide excellent 
examples of the effectiveness of superior 
equipment over preponderance of man 

ower. In the beginning of World War 
I] and during the invasion of China, both 

intries were successful, mainly because 

{ the quality and quantity of their equip- 
ment advantage. True, they had a certain 

npower advantage too, but when the 

eight of Allied equipment exceeded that 

Germany and Japan, the fortunes of 
war turned against the latter. From the 

ling of time, examples may be found 
llustrate that superior equipment wins 

r mere Manpower superiority—David’s 

ngshot, the English long bow at Agin 
ourt, and Napoleon’s artillery, to name 
but three. 

Not only must we develop and produce 
superior Weapons, but we must maintain 
the sound economy essential to continued 
productive capacity if the man at the 
front is to be effective. These require- 
ments are part of an inseparable whole 
n maintaining the security of our nation. 

With the balance of manpower supply 

favor of our potential enemies, it is of 
the utmost importance that we make the 

t effective use of what we have. This 
utilization is not merely a problem of fur 
nishing men in uniform for military sery 
ice. It also involves a coordinated plan 
for strengthening productive agencies— 
designing and developing equipment to 
ontinually improve our standards of liv 
ing and ability to produce; designing and 
developing better equipment for defense. 
Any suecessful of defense 
must take into account that the survival 


program 
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of the United States as a 

depend on superior scier 

the superiority in 
free nations lack 
all deficit in num 
bers for our military forces, we are faced 
with a eritical shortage of 
specialized skills 
cially in the 


science. 


neering skills to offse 


numbers of 


t 
men which 


In addition to an over 


persons having 


and experience, espe 


fields of engineering and 
1s the neces 


sity for training and developing the spe 


A basie consideration 


cialists we need in the future—engineers, 


scientists, farmers, 
We must 
not repeat the mistakes we made in World 


Wars I and II 


pursuits was, to a major extent, 


diplomats, doctors, 
professional military personnel. 
when training for eivil 
ispended 
to meet the emergency of the 

must realize that we now 

of indefinite continuanee, not 

transient one. 

Should there be all-out war, the require 
ments of the Armed Forees will be great. 
It may be assumed that every physically 
fit young man is destined to serve in uni 
form, shown by clear and 
that he 
nation to better advantage in 


unless ut can be 


convine ing evidence can serve the 
industry, 
agriculture, or some other pursuit which 


vitally affects the national health, safety, 
ind interest. 

The poliey which we advocate would in 
volve withholding from the total pool of 
men of military age, presently numbering 
10,000,000 physically fit between the ages 
of 18 and 30, only those of the highest 
technical and professional qualifications, 
and reasonable numbers of trainees to at 
The 


involve selection of the 


tain such qualifications. 
will 


sereening 
procedure 
very highest order and must be conducted 
with great care if publie confidence is to 
be maintained. 


the deferment of 


This policy would require 


about 500,000 young 


men, or 5 per cent of the age group in 


question. This 500,000 constitutes a seg 
ment eritical to present and future tech- 
nical superiority. 
for 
met out of the pool of older men, 


Otherwise, the require- 


ments technical manpower must be 


women, 
{F’s, and underage persons, and the flow 
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of younger men into technical fields will 
be interrupted. The young engineer is 
in many cases equally in demand, some- 
times even more than his more experienced 
confrere, for much of the technology now 
critically important is so new that only 
recent students have any training what- 
ever in its application. A belief that the 
technical requirements of industry can be 
met by men generally over military age— 
even if there were enough of them—is 
therefore a fallacy. 


National Manpower Mobilization Policy 


A National Manpower Mobilization 
Policy was promulgated by the President 
on Jan. 17, 1951. This statement enunci- 
ated the principle: individual will 
be expected to serve in the capacity in 
which he can contribute most to the total 
mobilization program.” It provided for 
fulfilling manpower requirements not only 
for military purposes but also for the 
maintenance of a strong domestic econ- 
omy, and the provision of materials for 
essential needs, both military and civilian. 
It is a basically sound policy. 

However, it is evident that this poliey 
has not been fully followed by the various 
executive branches of the Federal Govern- 
ment as the underlying basis for their 
procedures. In the eall-up of reserves, 
and in the disposition of individuals after 
call-up, the military departments seem to 
give first consideration to numbers and to 
availability rather than to qualifications. 
Inadequate weight is given to the role 
of the individual in the essential civilian 
economy in determining whether or not a 
man should be called for military service. 
ROTC graduates are Pe to call in 
substantial disregard of their individual 
qualifications or of a contributions in 
nonmilitary capacities. In the Services, 
the individual’s military duties are pri- 
mary and the utilization of his specialized 
skills is secondary. This permits highly 
inefficient use of uniformed personnel hav- 
ing special skills, even in those technical 
branches of the Service which are, at the 
same time, determinedly recruiting civilian 
engineers and scientists. 


“each 


MANPOWER UTILIZATION 


AND NATIONAL SECURITY 


The Engineering Manpower ( 
sion of Engineers Joint Council 
recommends that every effort be m 
all agencies of industry 
to follow implicitly the principles « 
ated in the National Manpower Mol 
tion Policy. It recommends furtl 
in the development of a program for ; 
power utilization in relation to nati 
security, more consideration be giv: 
the value of building the potential fo; 
production of essential equipment for t! 
Armed Forces. This is of far mort 
portance in providing for the suee 
defense of the nation the 
build-up of numbers of military pers 
nel. In general, it is much 


and govern 


than is 


simpler 


procure and train men for military ser 
than it is to train men for the expansion 
of industrial capacity. 


Definitions 


In order to clarify the following discus 
sion, it is well to outline the meaning or 
significance placed upon terms used to 
designate the various patterns proposed 
for manpower utilization. 

(1) UMT, Universal Military Training 
—a term applied to any of several plans 
for training our physically fit manpower. 
The plan submitted to Congress by the 
National Security Training Commission 
ealled for the induction of young men a 
age 18 for six months’ training. At the 
end of their period of training they would 
be placed in a reserve component for an 
obligated service in the reserves of 745 
years. The predominant feature of | MT 
plans is a peroid of military training fol- 
lowed by an obligated period in a reser 
component. 

(2) UMS, Universal Military 
—a term applied to any of several plans 
provided for an obligated period of actin 
military service. The basie plan for UMS 
proposed that all physically fit men be 
placed in active service for two years com- 
mencing at 18. Variations of this 
plan have been suggested to permit the 
period of service to be postponed for 
educational purposes, but only until grad 
uation or cessation of training. The pre 


OeCTVIUCE 


age 
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dominant feature of UMS plans is a pe- 
riod of compulsory service in uniform for 
all physically fit men without regard to 
the occupation, capabilities, or training of 
the individual, or the probability that he 


might best serve the nation elsewhere. 


(3) Selective Service—a term applied 
to the plan established by law for select 
ing from those who have military service 
liability : (1) those who are to enter mili 
tary service in accordance with the needs 
of the Armed Forces, and (2) those with 
special skills who are to continue to serve 
in the essential economy including defense 
industry. The predominant 
Selective Service is the selection of man- 


feature of 


power for sé rvice in accordance with both 
need and skill. 
Universal Military Training 

Most informed persons agree that for 
to the United States 
and its allies must maintain a substantial 
degree of preparedness. Some venture 
the opinion that preparedness must con- 


many years come, 


tinue at approximately the present level 
fora period of twenty years; other believe 
as long as fifty years. If we continue to 
maintain 3,700,000 men in uniform, on 
the basis of present population distribu- 
tion, about three years’ service will be re- 
quired of each physically fit young man 
either before or after his college or other 
training. 

In an emergency of such long duration 
it seems advisable to establish by law the 
obligation of all persons to train for the 
defense of the nation and to defend it in 
time of emergency. The training phase 
should be universal and should exclude 
nly those who are physically unable to 
take any training, military or otherwise. 
It should be so timed as to interfere to a 
minimum degree with the education 
employment of the young men concerned. 

After training, the trainee will normally 
pass into a reserve from which he will be 
subject to eall in event of 
Governing such recall, there must be a 
system of selection which will either eall 
the man for military service or defer him 
n the national interest if his retention in 


or 


emergency. 


AND NATIONAL SECURITY 


civilian life is essential to the national 
health, safety, and interest. 

In considering the necessity for train 
ing, we must not lose sight of the faet that 
until relying 
largely upon those who comprised the 


Armed Forees in World War II. This is 


demonstrated by our Korean experience 


recently, we have been 


when it has been necessary to recall eom- 
bat veterans of World War II for the 
build-up of the Armed Forces. The vet 
reserve is diminish 
the 


women are getting older, are acquiring 


eran segment of the 


ing every day, because men and 


physical disabilities or a dependeney sta 
tus; or other situations tend to make them 


While 
men cannot be trained in substantial num- 


less available for military service. 


bers while the entire pool is drained for 
immediate service, as at present, we should 
move at the earliest possible moment in 
the direction of training our young men 
and creating a continuing reserve, if the 
nation is to be secure. 

The Engineering Manpower Commis- 
sion of Couneil recom 
mends that a practical plan for Universal 
Military Training be and 
enacted into law. Provision should be in- 
cluded to implement the reduction of our 
standing Armed Forces so that the train- 


Engineers Joint 


develoned 


ing of our young men and the creation of 
UMT ean 


commence as early as practicable. 


a eontinuing reserve through 


Universal Military Service 


Many 


volving 


plans have been proposed in- 
some form of Universal Military 
Service, 1.¢., all 
in a stipulated age bracket, except for 
those not physically fit. Modifications have 
been proposed to permit the period of 


service in uniform for 


service to be postponed for students satis- 
factorily pursuing courses of higher edu- 
cation. Other modifications suggest defer- 
ment of apprentices, or the assignment of 
men for compulsory service as civilians 
in military research and development. 
Generally the proposals stress a universal 
obligation to serve in uniform as being 
“democratic,” and as such, essential to the 


American way of life. Actually, service 
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at the highest capability, whether in uni- 
form or out of uniform, would seem to be 
the most desirable goal. 

Should Universal Military Service be 
adopted, there would be a suspension in 
the output of engineering and scientific 
graduates, other than the physically unfit, 
needed to serve in industry, of new agri- 
cultural manpower needed for our econ- 
omy, and of new teachers and educators 
also sorely needed. This suspension would 
last for two or more years under presently 
proposed plans. In view of the current 
shortages in specialized fields, we cannot 
afford suspension for such a period. It 
furthermore seems likely that the inter- 
rupted training represented by military 
service of such length will make the in- 
tegration of these young men into indus- 
try more difficult and thus, in effect, add 
to the period of loss of their services. 

The Engineering Manpower Commis- 
sion of Engineers Joint Council, as has 
been stated, is in favor of a selective sys- 
tem which will co-ordinate the manpower 


needs of the military with the manpower 
requirements of essential industry, includ- 
ing the production of more and better 
equipment for defense. For this reason 
we are opposed to Universal Military 
Service as being prejudicial to national 
security. 


Selective Service 

The Selective Service System as pres- 
ently constituted has been operating not 
only to select people for induction into 
military service but also to select those for 
retention in the essential civilian economy. 

In the fields of medicine and agricul- 
ture, the various local boards and state 
directors of the Selective Service System 
have state and county boards and com- 
mittees to advise them with regard to 
personnel selection in these fields. In the 
ease of medicine, requests for doctors, 
dentists, veterinarians, and allied skills 
are actually submitted to the County 
Medical Boards for filling rather than to 
the Selective Service System. The Courty 
Medical Boards are in a position to desig- 
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nate those doctors who ean best | 
to fulfill the requirements of the 
services. 

In the ease of agriculture, si 
eounty Agricultural Mobilization 
mittees have been organized un 
administration of the Department 
culture. These committees provid 
to assist the local boards and 
directors in the Selective Service S 
with respect to classification of reg 
in this field. 

No provision exists to cover su 
visory service at local and state 
either to the Department of Deter 
to the Selective Service System, 
specialized fields such as engineerir 
sciences, and edueation. As a 
quence, many local boards do not 
sufficient facts to make a wise and 
selection in the over-all interests of 
tional security. The Engineering 
power Commission of Engineers Joint 
Council recommends that the Selectiv: 
Service System be strengthened to provid 
advisory services to the loeal and 
boards for such specialized pers 
through state and county advisory cor 
mittees, composed of representatives of i: 
dustry and the specialized professions 
These committees will provide advice with 
respect to such personnel comparable to 
that now furnished in the fields of medi 
cine and agriculture. 


\T 
Van 


Armed Forces Reserve 


On July 9, 1952, the Armed Forces Re 
serve Act of 1952 (P.L. 476) became | 
In addition to providing some unitormits 
in the over-all administration of th 
serve components, this act establishes 
Ready Reserve, a Standby Reserve, and 
a Retired Reserve. The Ready Reserve is 
that portion liable to immediate recal! 
It is limited by the Act to 1,500,000 men, 
including the National Guard. The Stand 
by Reserve includes all other reservists 


diately. The Retired Reserve, as its name 
implies, contains those reservists who ar 
retired but may be recalled for lim 
duty in the event of war. 
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The Ready Reserve will actually con- 
tain that segment of trained reservists 
and units needed for an immediate mobili- 
zation effort in the event of national emer- 
geney declared by the President, or police 
action such as that in which we are now 
engaged in Korea. Outside of the Na 
tional Guard and Air National Guard, it 
js most probable that the Ready Reservists 
will be ealled as individuals to bring the 
cadre of existing service units to full 
mobilization strength. 

The Standby Reserve will contain all 
other reservists except those on the retired 
list. Within the Standby Reserve, how 
ever, there will be the active organized 
units which will be required in the event 
if total mobilization or war as declared by 
the Congress. The Standby Reserve thus 
will be similar to the Reserve as main- 
tained before the passage of P.L. 476. 

Notwithstanding testimony before the 
Senate Armed Services Committee by the 
Engineering Manpower Commission of 
Engineers Joint Council and others urg- 


ing provisions for the selective recall of 
reservists (which testimony, we thought, 
was well received) the Armed Forces Re- 
serve Act of 1952 was passed without such 


a safeguard. Therefore we feel that it 
does not provide for the best utilization 
of manpower in the national health, 
safety, and interest. 

Section 4(d) of the Universal Military 
Training and Service Act (P.L. 51) pro- 
vides for a total period of liability of 
eight years of active training and service 
in the Armed Forees and in a reserve 
component for all persons below age 26 
who are indueted, enlisted, or appointed 
after June 19, 1951. It established, for 
the first time in our history, a compulsory 
It is evident that eventually 
practically all of the able-bodied young 
men below age 26, or older, except for 
those making a professional career in mili- 
tary service, will be in a reserve compo- 
nent of the Armed Forces to complete 
their term of liability, and thus subject 
to recall. 

3y the time they are recalled to active 
military service, many members of both 


reserve. 
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the Ready and Standby Reserves will have 
acquired specialized skills and experience 
that would make their recall] detrimental 
to the total defense effort. These are the 
persons who should be identified by a 
careful classification and selection process 
in order that the needs of defense industry 
and the essential civilian economy will not 
be seriously hampered by their recall to 
active duty. 

Some provision must be included in the 
law, therefore, to conserve reservists hav- 
ing specialized skills and experience when 
their service in a civilian capacity would 
contribute more to the national strength 
and security than their service in uniform. 
Reservists who do not have an obligated 
period of service should be discharged. 
Reservists who have an obligated period 
of service should be transferred to an in- 
active status list from which they would 
not be called or from which their recall 
could be governed by a civilian agency 
or board outside the military departments. 
This civilian governing board should have 
the authority to render final decisions. 
It should be composed of representatives 
of the Department of Defense, various 
other governmental departments, the pro- 
fessional groups involved, and the mili- 
tary departments. 

The civilian governing board would be 
the top board at the national level. In 
order to maintain public confidence and to 
reduce the volume of individual cases 
which would otherwise have to be reviewed 
at the national level, local and/or state 
boards should also be organized. The 
local and state boards should be com- 
posed of representatives of the profes- 
sional groups involved and of the mili- 
tary departments. They should, however, 
remain civilian in character and have au- 
thority to render decisions within the 
framework of criteria established by the 
national board. 

In order to reduce to a minimum the 
problems which would be encountered in 
a full-scale mobilization, there must be 
a continuing appraisal of the classifica- 
tions of reservists to insure to the maxi- 
mum possible extent that those who have 
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specialized skills and experience are prop- 
erly classified before mobilization takes 
place. 

Some provision must also be included 
to insure the continuance of the educa 
tion and training of specialists needed in 
the future. Students who are pursuing 
professional and scientifie courses in the 
colleges should be permitted to complete 
their study before being considered for 
reeall to active duty. Many of them will 
be needed by the technical branches of 
the Armed Forces as well as in other es 
sential activities of the national economy. 

The Engineering Manpower Commis 
sion of Engineers Joint Council, there- 
fore, recommends that the Armed Forees 
Reserve Act (P.L. 476) be amended ae- 
cordingly. 

ROTC 

Beeause of impending military service 
there has been a greatly increased enroll- 
ment in ROTC units by students entering 
the colleges. In a large measure this may 
he attributed to the assurance of complet- 
ing their college education without dis 
turbance and of receipt of commissions 
on graduation. 

In the past when students enrolled in 
the Air or Army ROTC, they had the 
privilege of applying for two years of 
advanced training after completing two 
years of basic training. Students who 
were enrolled in the Naval ROTC, how- 
ever, were obliged to complete four years 
of training. Enrollment in advanced Air 
or Army ROTC courses therefore, until 
this year, has been optional on the part 
of the student. 

With the current operation of Selective 
Service there has been increasing pressure 
exerted by the ROTC officers to have all 
students in the ROTC sign draft defer 
ment agreements. These draft deferment 
agreements commit the student to the ecom- 
pletion of four years in ROTC and ac 
ceptance of a commission, two years’ ac- 
tive service upon graduation, and six 
additional service in a_ reserve 
component. 

A reeent survey made in the engineer- 


vears’ 
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ing colleges revealed that 16 per « 
the seniors of the class of 1952 w: 
missioned as a result of ROTC 
as compared with 11 per cent of the , 
vious year’s graduates. Examinati 
the enrollments in ROTC in the 
graduate classes, however, shows th 
per cent of the juniors are so enrolled 
per cent of the sophomores, and 
cent of the freshmen. 

The survey from which 
were obtained was made by the Engi: 
ing Manpower Commission in May, 19 
It covered returns from 174 out of a tot; 
of 192 engineering colleges in the U; 
States. It is evident from this that a: 
creasing number of engineering gradu 
each year will be committed to a peri 
service sufficiently long to hampe1 
needs of essential industry unles 
vision is made for their selectiv: 
drawal from service liability. 

To add to the problem, it has been de 
cided, beginning this year, 
Army and Air ROTC units to Branel 
General training and to discontinue em 
ricula in the technical specialties. { 
rraduation, assignments will be mad 
the various branches, technical and co 
bat, in accordance with the requirement 
of those branches, and the training and 
standing of the students. The advoeates 
of this change state as a primary advan 
tage that it trains cadets essentially 1 
combat and makes it 
Army and Air Force to obtain a 
percentage of combat officers. 

The Engineering Manpower Commis 
sion heartily supports the general ROTC 
concept that American colleges and uni 
versities should be utilized for the purpose 
of training reserve officers, 
those needed in the technical branches ot 
the service. We feel, however, tha 
proper utilization of graduates having 
special training such as in engineering 
and science, may indicate that officers to 
the technical branches of the 
should be obtained through the ROTC 
and combat officers through Officers Ca! 
didate Schools. We therefore recommen 
that further study be given to the ROT 


these t 


to eonvert 


possible lor 


especially 


+ 


servic 
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program, especially with respect to the 
effects manpower utilization of the 
trend toward Branch General training. 


on 


We recommend also that new criteria be 
established in choosing students for ROTC 
programs in order to assure a more equita 
ble distribution between civilian and mili 
ary needs. The present method channels 
into ROTC units a disproportionate share 
f students capable of and needed for 
craduate training and for other essential 
Realistic quotas should be es 
tablished in the various military cate- 
vories, and every effort should be made 
the to 
such quotas and to match their fields 
specialization. 


activities, 


with 
of 


to restrict entrants accord 


ROTC graduates 
should be subject to the same screening, 


Reservists who are 
classification, and selective recall as has 
previously been recommended for reserv- 
ists in general in the proposed amend- 
ments to the Armed Forces Reserve Act. 
We also recommend that Selective Sery 
ice regulations be modified to permit stu- 
engineering, science, and other 
fields to 
ance of completing their education as is 
now provided to those enrolled in the 
ROTC units. 


dents in 


critical receive the same assur- 


Utilization of Persons Having Specialized 


and Critical Skills 


Concurrently with the universal obliga- 
tion of each man and woman to furnish 
his best service in maintaining the na- 
tional seeurity is an obligation on all agen- 
ces—military and nonmilitary alike—to 
utilize manpower in such manner that the 
most proficient service can be furnished. 
This is especially true with respeet to 
those persons possessing eritical and spe- 
cialized skills in short supply. 

The present shortage of engineers and 
scientists is serious because of its effect 
nm the national eeonomy and on national 
security. If we do not utilize our limited 
manpower effectively, we will lose tech- 
nological superiority over our probable 
With such loss, the probability 
ot a full-seale war with the forces of com- 
munism will become infinitely greater. 


enemies. 
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The 
sion of 
the interest that 
steps be taken: 


Engineering Manpower Commis- 
Engineers Joint Council urges in 
national fol 


the owing 


(1) 


Vilitary l tilization 


Establish budgets for 
engineers and scientists in each activity, 


(a) manpower 
in accordance with actual needs for their 
professional skills and experience A 
catalog of requirements is vital as the first 
step toward maximum utilization ot the 
total supply. 


(>) Eliminate confusion in the distine- 


tion between a professional engineer and 


a technician by discontinuing references 


in billet designations, military occupa 


the 
word engineer except where the position 


tional specialties, and elsewhere, to 


requires an engineering graduate or sc¢i 
billets 
which now apparently require an engi 


entist. Re-examine those enlisted 
neering graduate or scientist to determine 
whether the billet filled 
competent technician. Technicians 


cannot be by a 

ean 
be trained in a matter of months; the pro 
fessional engineer or scientist is the prod- 
uct of at least of full time 
study coupled with more years of develop 
ment and experience. 

(c) Reeall engineers and to 
active duty only to the extent they can be 
fully used in their specialties. 


four years 


scientists 


(d) Provide for commissioning in their 
specialties all engineering graduates and 
scientists who are inducted through Selec 
tive Service, or who are enlisted reservists, 
to permit full utilization of their skills. 

(e) Provide for interservice transfers 
of persons having special skills in order 
to provide a wide base of utilization of 
their skills. For example, this would per- 
mit the transfer of aeronautical engineers 
or meteorologists, when needed, from the 
Army to the Air Foree or to the Navy. 

(f) Provide for the release from active 
duty of those engineers and scientists not 
needed as such. 


(2) Civilian Utilization (including utiliza- 
tion in government, agriculture, trans- 
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portation, manufacture, and all other 
activities outside of the military). 
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nation than is the build-up of 
forces during times of peace or 


mobilization. 

(3) A practical plan for Univers 
Military Training be developed «: 
acted into law. Provisions should 
cluded to reduce our standing 
Forces as early as practicable so t 
training of our young men and tly 
tion of a continuing reserve throug! 
can be commenced. 

(4) Plans for Universal Military Sery 
ice as presently proposed be abandoned 
as unsound and prejudicial to the na 
tional security. 

(5) The Selective Service System }y 
strengthened to provide advisory se 
to local and state boards with respect 
professional and specialized person 
Such advisory services should be provided 
by county and state boards, composed ot 
representatives of industry and the pr 
fessions, to furnish competent advice with 
respect to the essentiality in the national 
security of certain civilian services, 
the specifie value of the individua 
is subject to induction based upon his 
specialized and critical skills. 

(6) Selective Service regulations bi 
modified so that college students in engi- 
neering, science, and other critical fields 
may be given the assurance of being abl 
to complete their education before being 
inducted, in the same manner as is now 
done for those enrolled in ROTC pr 
grams. 

(7) The Armed Forces Reserve Act 0! 
1952 be amended to provide for the crea 
tion of a Civilian Reserve 
Board, outside of the military depart- 
ments, to establish criteria for, and render 
final decisions with respect to, the classi 
fication and mobilization assignment ot 
reservists having specialized skills and ex- 
perience, and to maintain a continuing 
process of classification of such reservist 

(8) The Armed Forces Reserve Ac 
1952 be amended to provide for the crea- 
tion of local and state Civilian Reserve 
Boards operating under the Civilian Re- 
serve Governing Board to render deci- 
sions at the local level with respect to the 


(a) Establish manpower budgets simi- 
lar to those recommended for the military. 

(b) Study the duties, and the propor- 
tionate time spent on each duty, of engi- 
neers and scientists, in order to transfer 
to supporting personnel those duties not 
requiring full engineering or scientific 
skills. Many such duties can be per- 
formed equally well, if not better, by tech- 
nicians, clerks, draftsmen, and others. 
Do not hire engineers or scientists for 
positions in which their skills are not 
required. 

(c) Move engineers and scientists from 
positions not requiring professional engi- 
neering or scientific training. 

(d@) Move engineers and scientists to 
positions of maximum responsibility as 
rapidly as possible in accordance with 
need, ability, and experience. 

(e) Do not hold engineers or scientists 
in “intern” or training positions longer 
than necessary to qualify them. 

(f) Maintain salary differentials be- 
tween senior engineers and scientists and 
those newly graduated. Competition for 
new graduates has resulted in unprece- 
dented levels of starting salaries. 


UM 1 


Summary of Recommendations 


In the interest of national security the 
Engineering Manpower Commission of 
Engineers Joint Couneil recommends 
that: 

(1) All segments of our economy, gov- 
ernmental and non-governmental alike, 
follow implictly the principles delineated 
in the National Manpower Mobilization 
Policy promulgated by the President on 
Jan. 17, 1951, in their procedures and 
programs for manpower mobilization and 
utilization. 

2) In the development of programs 


~ 


. 
Governing 


and plans for national security more con- 
sideration be given to the value of build- 
ing the productive potential and a coor- 
dination be effected between this and our 
manpower needs. Greater productive fa- 
cilities are of far more importance in pro- 
viding for the successful defense of the 
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classification, mobilization assignment, and 
delay in recall to active duty of reservists, 
within the framework of the criteria es- 
tablished by the Civilian Reserve Govern- 
ing Board. 

(9) The Armed Forees Reserve Act of 
1952 be amended to provide for the con- 
tinued training of professional and sci- 
entifie personnel without interruption. 

(10) The present trend in ROTC units 
toward providing only Branch General 
training and discontinuing technical eur- 
rieula be re-examined in the light of its 
effect on utilization of those with special 
and eritieal skills. 

(11) New eriteria be established for 
choosing students for ROTC programs to 
insure distribution of graduates between 
military and civilian agencies on a basis 
which will better satisfy national needs. 

(12) Realistic quotas be established for 
the various ROTC programs and entrants 
be restricted within these quotas and in aec- 


cordance with needs for their fields of 


specialized training. 


(13) All segments of our economy, gov- 
ernmental and non-governmental alike, 
take specifie steps toward full utilization 
of persons possessing eritical and spe- 
cialized skills in short supply in the best 
interest of the country as a whole rather 
than in their special interest. To this 
end, it is important that budgets of spe- 
cialized manpower needs be established, 
and that the duties performed by spe- 
cialized persons be thoroughly studied in 
order to reallocate them to less highly 
skilled persons to the maximum possible 
extent. 


Conclusion 


During the period of approximately two 
years of its existence the Engineering 
Manpower Commission of Engineers Joint 


Council, either on its own or in coopera- 
tion with other agencies, has undertaken 
the following activities: 


(1) Offering assistance to governmen 
tal bodies and groups responsible for 
making and administering policy relat- 
ing to the conservation and utilization of 
engineers and scientists. 

(2) Providing help and guidance to 
both industry and government on other 
problems relating to the conservation and 
utilization and scientifie 
skills. 

(3) Disseminating information on the 
nature of engineering and the role it 
plays in our economy. 

(4) Striving to prevent future short- 
ages in engineering graduates by coop- 
erating with the Engineers’ Council for 
Professional Development and others in 


of engineering 


encouraging qualified highschool gradu- 
ates to consider the opportunities in engi 
neering and science. 

(5) Advising 
and the colleges on problems relating to 
the deferment of engineering students 
from military service. 

(6) Advising employers of the condi- 
tions under which deferment of engineers 
and scientists may be secured and of the 
procedure to be followed in such eases. 


governmental agencies 


In furtherance of this program, we wish 
now to pledge our support of all efforts to 
assure in industry, government, and other 
segments of our economy, the same zeal 
and intelligence in selection, training, and 
utilization of technical manpower that we 
are here urging upon the military estab- 
lishments; for in such measures, in our 
opinion, lies the opportunity for maximum 
contribution of the technical professions 
to national security. 





The Engineer Becomes a Professional Mana ger* 


By HARRY RUBEY 


Professor and Chairman, Department of Civil Engineering, University of Mi 


Introduction 


This Centennial is a well deserved 
tribute to the achievements of the engi- 
neer and to his application of science to 
the material welfare of mankind. The 
general public is beginning to realize that 
the engineer’s universally accepted tech- 
nology is the real basis for modern in- 
dustry, high living standards, and national 
security—not the controversial political 
and economic nostrums which are dinned 
into our ears. 

However, too little has been said or is 
generally known of the equally great 
contribution which the engineer has made 
to modern management. Beginning with 
Taylor, Gantt, Emerson, and their associ- 
ates who originated and developed scien- 
tifie management and mass production at 
the turn of the Century, engineers have 
extended their attainments and mastery to 
all phases of management, often at the 
highest levels. 

Today over a third of the management 
of large industry in America is in the 
hands of engineers, over a third of mature 
engineering graduates now find their 
duties largely managerial in nature, and 
most engineers have important contacts 
with management. Management has re- 
cently become a profession into which the 
engineer now has preferred entree. 

May I briefly summarize and document 
some of the evidence on this development 
which is unknown to the general public 
and too little known to engineers and engi- 
neering educators themselves. Even so 
comprehensive a program as that of this 
Centennial gives little attention to the en- 


* Prepared for the Centennial of 
neering, Chicago, September 4, 1952. 
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gineer’s outstanding contribution to may 
agement. 


Recent Studies of Engines rs 


in Management 
Warner, well reeog 


Professor W. L. 9 
nized sociologist of the University of Chi 
cago says in his recent book, “Social Class 
in America,” “More and more top jobs 
in industry are being filled by men coming 
up from technical engineering schools and 
universities. The route up 
longer through a hierarchy of increasing 
skill as it was two generations ago. The 
prudent mobile man today must prepare 
himself by edueation. . . . In this ag 
technical wizardry and large 
dustry, the most prudent man will master 
a field like engineering or 
ministration to gain a maximum chance at 
promotion to the inner circles of manage 
ment and planning.” 

Engineers’ Joint Council Report. Th 
most comprehensive statistics available or 
the engineering profession are given in ; 
report entitled “The Engineering Protes 
sion in Transition,” 1947. It 
per cent of those questioned (38,000 me: 
bers of six principal national engineering 
societies) doing work which is primarily 
administrative in nature. In another re- 
port the Council re 
ment is clearly becoming professional in 
function. Engineers, as the most numer- 
ous and influential professional group in 
industry, are exceptionally 
capitalize on this opportunity.” 

Vice-President Walter Evans of West- 
inghouse Electric Company has said: 


then 


scaie ilm- 


business ad 


shows 34 


states manage 


placed 


“With mass production the engineer 
came into his own. As industry becam 
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more complex, the engineer who under- 
stood what was happening joined the 
lawyers and bankers in administrative po- 
sitions, because industry had new prob- 
lems which only the engineer could solve. 

«|. during the last deeade engineers 
have begun erowding the bankers and 
lawyers in this contest for high-level ad- 
ministrative posts. 

“A dramatie example of how successful 
the engineer has been is found in a survey 
conducted by Earle B. Norris, dean of the 
School of Engineering at the Virginia 
Polytechnic Institute, which showed that 
one-third of the largest corporations in 
Ameriea—50 out of 150—are headed by 
craduate engineers. 

“In looking at the results of this survey 
it becomes even more significant when we 
realize that there are 1,600 liberal arts 
and teachers’ colleges compared to 160 
engineering colleges. 

“Among the engineers already distin- 
cuishing themselves in such posts are: Cleo 
F. Craig, president of the American Tele- 


hone and Telegraph Company; Benja- 
] s 4 3 


min F. Fairless, president and chairman 
of the board of United States Steel Corpo- 
ration; Eugene G. Grace, chairman of the 
board of Bethlehem Steel; Charles Erwin 
Wilson, president of General Motors; and 
Crawford H. Greenewalt, president of E. 
I. du Pont.” 

Rensselaer Polytechnic Institute ques- 
tioned 561 executives of large industries 
in 1949 with the following findings: 


1. Ninety per cent see a growing de- 
mand in business and industry for exeeu- 
tives and managers who have a background 
in engineering. 

2. Approximately thirty-nine per cent 
of the executive and managerial positions 
in the industries represented by respond- 
ents to the survey are now held by gradu- 
ates of colleges of engineering. 

Time Magazine Research Report No. 
1069, May 1950, summarized the answers 
to the questionnaire sent one-sixth of those 
listed in “Who’s Who in Engineering.” 
Seven per cent are corporate presidents, 
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and an additional sixteen per cent are in 
other top executive positions. Thirty-five 
per cent are managers, chief engineers, 
and department heads while forty-two per 
cent are specialists and consultants. 

Sixty-three per cent of these engineers 
checked administration, finance, and man 
agement as areas in which they have oe 
cupational responsibilities. 

Because many management 
are not listed in Who’s Who in Engineer 
ing nor are they members of their national 
professional societies, the percentages of 
engineers engaged in management as re 
ported by Time and by Engineers’ Joint 
Council are doubtless low. 


engineers 


The American Society for Engineering 
Education, in a 1951 pamphlet, states, “A 
careful study of the number of engineer 
ing graduates who hold executive positions 
in industry has shown that engineers have 
from 10 to 20 times the probability ot 
attaining executive positions as compared 
with all other college graduates.” 

General Motors, in a 
ABC on November 26, 
part: 


broadeast 


1951, 


over 
stated in 


“Tonight, I just want to conclude this as 
sembly of three broadeasts in this investi- 
gation by pointing out the amazingly wide- 
spread climb of engineering-qualified stu 
dents to the top, as general executives, in 
American enterprises—in short, the enor- 
mous individual possibilities in this oppor 
tunity, based on the record. 

“According to a Columbia University 
survey, and I quote, I find that ‘forty per 
cent of industrial management is engineer 
trained, replacing both the lawyer and the 
banker in top industrial posts.’ 

“Look at some of the top management 
in our country, men with great general 
responsibilities. I think would be 
amazed to realize how many got their 
training as engineers—thus trained to 
think precisely, trained in human values, 
trained to apply constructive imagination 
and decision. 

“Largely at random, and among di- 
versified and American 
prises, I’ve been asking questions: 


you 


enter- 
‘How 


notable 
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inany of your top executives trained them- 
selves as engineers?’ This is what I 


found: 


“T spoke last week of Bethlehem Steel, 
and the head of that company, who is an 
engineer, graduated from Lehigh. 

“The president of United States Steel, 


having some 308,000 employees all over 


the world, started as an engineer, a civil 
engineer, graduated from Ohio Northern 
University. There are 13 Presidents of 
the United States Steel Company’s sub- 


sidiary companies who started as engi- 
neers. 

“There are 20 Presidents of associated 
companies in the great Bell Telephone 
System. Of these I find 10 graduated as 
engineers. In the parent A»T & T, over 
half the men who are Vice-Presidents 
started as engineers and advanced to the 
broadest duties in the business. 

“Fourteen members on the Board of Di- 
rectors of the Standard Oil Company of 
The Chair 
man of the Board in this great worldwide 


New Jersey are engineers. 


enterprise is an engineer, graduated from 
Syracuse University. 

“At least 15 top executives of Ana- 
econda Copper and its major subsidiaries 


are graduate engineers. Over half the 
Vice-Presidents and 90% of the top ex- 
ecutives in the five Union 
Carbide started up the ladder as engi- 
neers. 

“Nearly half the top officials of the 
General Electric Company started as en- 
In fact, the Chairman of the 
Board was first graduated as an engineer 
at the University of Wisconsin and stud- 
ied law as well. And, as you may know, 
Mr. C. E. Wilson, lately the nation’s 
mobilization chief, while not a graduate 
engineer, was technically trained at the 
Mechanics’ Institute in New York and, 
among other duties, he advanced through 
G. E.’s Engineering Department. 

“The Chairman of the Board of RCA 
completed special night 
courses at Pratt Institute and 8 of the 
Vice-Presidents got their executive train- 


divisions of 


gineers. 


engineering 


ing as engineers. 
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“The Chairman of the Board , 
rectors of General Motors is an engine, 
graduated from M. I. T. The Presi 
of General Motors is an engineer, o 
ated from Carnegie Institute. One 
the four Executive Vice-Presidents js - 
engineer, graduated from the Universi 
of Illinois. Sixteen of the Corporation’. 
Vice-Presidents are engineers. As a | 
ter of fact, there are sixteen member: 
the Board of Directors of General Motop- 
who are engineers. 

“Now, there’s time to cite only some | 
these findings, but such sample cases 
I found simply support the over-all fin 
ings of the Columbia University sury 
namely—and may I repeat—that ‘fort 
per cent of industrial management tod; 
is engineer-trained, replacing both 
lawyer and the banker in top industri: 
posts.’ I think there’s news in that.” 

President Gurley of the Sante Fe Line. 
said at the A.R.E.A. meeting last March, 
“No longer can engineers confine thei: 
activities to design, construction, an 
maintenance. Theirs must be a broade 
outlook. Both management and the engi 
neers themselves have mistaken concepts 
of where the engineer fits into the pictur 
Engineers should concern themselves mor 
with administration. Their logical tech 
nological reasoning can help improve th 
economical operation of the 
reduce the damage to property 
shipped, and develop more revenue-pay 
ing business now going to competitive 
forms of transportation.” It will be noted 
that President Gurley indicates new ac 
tivities beyond those traditional to rail 
road engineering. 

Herbert Hoover even more recently has 
written, in connection with this Centen 
nial, “In the gigantic field of applied sei 
ence, the trained engineer is now emerg 
ing into the executive field. It is said 
that the heads of more than one-half of 
the great productive corporations are 
trained engineers.” 


7 
raulroads, 
ben 4 


Conclusion 
So while at this Centennial we honor 
the engineer for his technology, we should 
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honor him equally for his contribution to 
management. 

The data presented earlier in this paper 
prove that an engineering education is a 
good preparation for positions in top 
management, but it does not follow that 
the same large proportion of engineering 
students of today will be among the top 
executives of the next generation. When 
the older top executives were starting 
their eareers, they had little competition 
from the graduates of schools of business 
administration. That is not the 
today. In fact, many of the larger manu 
facturing companies will freely admit that 
they find business administration gradu 
ates more interested in, and more easily 
trained for, general management posi 
tions than are engineering graduates. 

The conditions I have just deseribed 
are so bad that according to the National 
Society of Professional Engineers, two 
thirds of industrial concerns make no ef- 
fort to tell their engineers of management 
openings. Fortunately, young engineer- 
ing graduates who realize the importance 
to themselves of a knowledge of manage- 
ment principles, and who show their em 
plovers that they are interested, have at 
least as good an opportunity to enter the 
management side of industry as did the 
engineers of the earlier generation. 

Only a few engineering students can 
afford the time required for the detailed 
and specialized courses in industrial en- 


case 
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vineering curricula, but all engineering 
students can afford the small amount of 
time needed to introduee them to the 
fundamentals of management. This also 
will show them that they should continue 
to study these fundamentals during their 
early years after graduation when man 
agement problems will surround them, al 
though in most cases they will not he 
asked to assist in their solution. 

While many engineers will not function 
us managers, vet the higher types of pro 
fessional engineers must understand and 
cooperate with management. 

A promising movement for our country 
lies in that new profession of manage 


ment, largely practiced by engineers, 
which is motivated by a drive to make 
man’s work effective rather than by the 


older drives for financial or political 
power. With professional 
and technology, Ameriea’s future is as 
sured. Other national policies and pro 


cedures then will trend naturally into de 


management 


sirable patterns. 

Unless engineers and engineering edu 
cators seize and answer this eall to leader 
ship, others will grasp and exploit it. 
Then the engineering profession, engi 
neering education, and industry will have 
missed a great opportunity. As a 
thought, if more engineering graduates 


final 


become managers, then more support for 
engineering education will be forthcoming. 


5th College-Industry Conference 


THEME . 


Opportunities in Engineering 


Sponsored by the Relations with Industry Division of ASEE and North- 


western University at Northwestern 
January 31, 1953. 


Technological Institute, Saturday, 





Minutes of Executive Board Meeting 


A meeting of the Executive Board of 
the American Society for Engineering 
Education was held on Thursday, Novem- 
ber 13, 1952, at the Statler Hotel, Wash- 
ington, D.C. Those present were: W. R. 
Woolrich, President; M. M. Boring, J. H. 
Lampe, E. A. Walker, W. C. White, Vice 
Presidents; C. L. Skelley, Treasurer; A. 
B. Bronwell, Secretary; M. C. Merrill, 
Office Secretary. 

The Secretary reported on activities as 
follows: 


a. An appropriation of $3000 has been 
received from The Engineering Foun- 
dation for the project of the Commit- 
tee on Evaluation of Engineering 
Edueation. An application has been 
made for a like appropriation from 
the Engineers Joint Council. 

. Letters have been sent to the Presi- 
dents and Deans of Engineering Col- 
leges summarizing the results of 
meetings which Society Officials have 
held with the Army, the Air Force, 
and the American Council on Educa- 
tion relating to the ROTC Programs. 

. Letters have been sent to the Deans 
of Engineering Colleges suggesting 
that they urge college graduates to 
sarry on personnel interviews and 
make tentative job commitments be- 
fore they enter the Armed Services 
so that they will return to acceptable 
engineering jobs. The purpose of 
this program is to achieve a better 
utilization of technical manpower 
among those who are destined for 
duty in the Armed Forees. 

. The December and January issues of 
the JoURNAL OF ENGINEERING EDU- 
CATION will be devoted to papers pre- 
sented at the Centennial of Engi- 
neering. 

e. The Society’s application for repre- 


sentation on the United States Com 
mission on UNESCO was not ap 
proved, although favorable consider 
ation was given. The Chairman 0! 
the Membership Committee of the 
U. S. Commission has suggested that 
the Society re-apply for admission 
Treasurer's Report 

The Treasurer discussed the financial re 
port for the first quarter of 1952. 
items of income and expense are in } 
with those of the preceding year except 
salaries, which were increased by action o! 
the Executive Board. The quarterly re 
port for 1952 includes the salary ot 
Assistant Seeretary who was not on the 
payroll during the corresponding period 
of 1951. 

The campaign for increased advertising, 
conducted by Assistant Secretary Watson, 
has thus far yielded $2700 in new revenue 
for the current year. It is anticipated 
that this will be still further increased 
before the fiseal year is concluded. 


Projected Society Finances 


The Secretary submitted to the Execu- 
tive Board a summary of financial opera 
tions for the past five years and tentative 
forecast of the financial outlook in the 
future. The estimated income provides 
for increases in revenue from advertising, 
membership, and institutional membership. 
The estimated expense provides for th 
addition of 114 office secretaries and prob 
able increases in expenses including rising 
costs of publication. The report shows 
that the Society has one staff member to 
every 2000 members, whereas other lead 
ing engineering societies have approxi 
mately one staff member to every 200 to 
400 society members. The Society dues 
are one-fourth to one-fifth of those o! 
other engineering societies. The small 
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overhead expense and low dues structure 
has been made possible by: (a) free rent 
and facilities (Northwestern University 
supplies the office space and office furni- 
ture without cost to the Society); (b) 
prudence in travel expense; (c) avoiding 
subsidies to Sections; (d) and a minimiza- 
tion of the collateral services rendered to 
the membership. 


Representatives of A.S.E.E. to Conference 

on Education in London 

The Secretary read a letter from C. E. 
Davies, Secretary of ECPD, requesting 
the ASEE to appoint its President as a 
delegate to an International Conference on 
Engineering Education which will be held 
in London during the week of January 
12th. This conference will be attended by 
representatives from all European coun- 
tries outside the Iron Curtain. Its pur- 
pose will be to establish a European 
conference on engineering education and 
explore possibilities of instituting a Euro- 
pean Society for Engineering Education. 
The Executive Board expressed the view 
that it is essential that the ASEE be rep- 
resented, since it deals primarily with En- 
gineering Education. The President was 
appointed as the official representative, 
with an appropriation of $1000 for travel 
expense. 


Reports of Vice Presidents 

Vice President Boring suggested, and 
the Executive Board approved, sending 
invitations to Queens University, McGill 
University, and Montreal University to af- 
filiate with the New York Section of the 
ASEE until such time as they should de- 
sire to institute their own Section. It was 
also suggested that Nova Scotia College 
might be invited to join the New England 
Section, and British Columbia, the Rocky 
Mountain or Pacifie Northwest Section. 
Mr. Boring will correspond with the Cana- 
dian Institutions in regard to their desires 
in these matters. é 

The suggestion has been made that the 
name of the Missouri Section be changed 
to the Missouri-Arkansas Section. Mr. 
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Boring will correspond with officers of the 
Section relating to this change. 

Vice President Walker, reporting for 
the ECRC, announced that a questionnaire 
for information for the new publication 
Review of Research will be sent to the 
Engineering Colleges in the near future. 
ECRC has made tentative plans for its 
program for the Annual Meeting in June. 

Vice President J. H. Lampe, reporting 
for the ECAC, briefly summarized the 
ROTC meetings which were held in Wash- 
ington, results of which have been sum- 
marized in letters to the Presidents and 
Deans of Engineering Colleges. The Ex- 
ecutive Committee of the ECAC has pre- 
pared plans for the June Program. The 
International Relations Committee again 
will hold a dinner meeting at which edu- 
eators and administrators of engineering 
colleges from foreign lands will be invited. 
The Secondary School Committee, the Se- 
lection and Guidance Committee, and the 
Manpower Committee will each have con 
ference programs at the Annual Meeting. 

Vice President W. C. White, reporting 
for Divisions and Committees, stated that 
the Division of Educational Methods had 
requested an exhibit of teaching aids at 
the Annual Meeting, in cooperation with 
the Society’s Committee on Teaching Aids. 
The Executive Board voted to approve 
such an exhibit. 

Vice President White also presented a 
request of the Mathematics Division for 
a subsidy of $100 to be used to obtain 
speakers for a conference on Computers 
at the Annual Meeting. It was pointed 
out that the Society had a practice of not 
paying travel expenses of speakers to the 
Annual Meeting. However, the sugges- 
tion was made that this conference might 
be arranged as a Summer School. The 
Society permits Summer Schools to charge 
a registration fee of not more than $1.50 
per member per day to defray expenses 
in the operation of the Summer School. 
This would give the Mathematics Division 
funds for the Conference on Computers in 
addition to its annual budget. 
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Report of Manpower Committee on ROTC 
Quotas 


The following report was presented : 


The Manpower Committee of the American 
Society for Engineering Education is gravely 
concerned over the plans of the Armed Serv- 
ices for expanded R.O.T.C. programs and the 
consequent effect upon an adequate supply 
of trained men with high ability for the 
civilian functions of industry, public health, 
agriculture and government, essential for 
support of the national effort. 

Under existing programs of the Services, 
the number of R.O.T.C. graduates receiving 
commissions will more than double within the 
next few years, to a total of over 65,000. 
In 1955 when the number of degrees granted 
to men is expected to reach its critical low 
point, to be followed under existing policies 
by a gradual rise, R.O.T.C. graduates will 
constitute 40% of the entire male class and 
nearly 60% of that in engineering. 

Pending legislation, moreover, will extend 
to a substantial number of R.O.T.C. students 
in the Army and Air Force, the opportunity 
for a college education with free tuition and 
a living allowance, now offered under the 
regular Navy R.O.T.C. program. Such an 
opportunity added to assure deferment until 
graduation and the selective process of the 
R.O.T.C. itself is certain to attract students 
of the highest ability, many of whom could 
make outstanding contributions to research 
in physical, biological or social science, or 
in engineering. 

These men will be committed to at least 
two years of military service upon gradua 
tion and to several additional years in the 
Reserve, from which they almost certainly 
would be called in the event of a major War, 
when the demand will be greatest for re 
search and production. As reserve officers, 
their contributions to the civilian national 
effort would be subject to review only by the 
Military Services. 

The Manpower Committee of the Ameri 
can Society for Engineering Education urges 
that the implications of such a program be 
reviewed at the highest levels of the Federal 
Government. 


A motion to approve the report and 
transmit it to Members of the Engineering 
Manpower Commission, the proper offi- 
cials in the Armed Services, and the Deans 
of Engineering Colleges was approved. 


(Subsequent to the meeting, My. J)o) 
Bridgman, chairman of the ASEE \ 
power Committee, suggested that « 
tion be withheld pending preparat 
more comprehensive report coverins 
problems relating to ROTC, selectiy; 
ice, and other phases of the techn 
manpower problem for submissio: 
new Secretary of Defense, Charles 
son. ) 


St 


Meeting of ECAC with Official 

and TCA 

Dean Lampe announced that a m 
had been arranged between Officers ay, 
Executive Committee Members of EC A¢ 
and ASEE Executive Board members wit} 
some of the top officials in the Muty 
Security Agency and Technical Cooper 
tion Administration to discuss intern: 
tional programs relating to technologics 
education. The Government’s Technica 
Assistance Program includes substantia 
areas dealing with research and techno 
logical education and the ECAC is ther 
fore taking steps to establish closer work 
ing relationships with the MSA and TCA 
in order to make it possible for thes 
agencies to get the advice and assistance 
of Deans of Engineering Colleges. (Thi 
meeting was held in Washington on Ni 
vember 13, 1952, and resulted in the re 
ommendation that the ECAC appoint 
small advisory committee to work wit! 
similar committees of MSA and TCA.) 


Annual Meeting Plans 

The Secretary reported on discussions 
with Dean Weil and Dr. Grinter relating 
to the plans for the Annual Meeting. Th 
Executive Board voted to hold a business 
general session on Monday afternoon, 
3:00-5:00 P.M. The program of this 
general session would include committe 
reports, a report on Society activities, and 
other general business matters. 
Associate Institutional Membership Driv 

The Secretary stated that Mr. MeKeor 
is preparing material to be sent out t 
companies which are prospective Associat' 
Institutional Members. It is hoped that a 
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substantial number of new Associate In- 
stitutional Members can be added _ this 


year. 
” President Woolrich read a letter from 
(ol. C. E. Davies, Secretary of EJC, stat 
ing that the Societies making up EJC had 
expressed hesitation about admitting other 
Societies to the Unity Organization which 
have company memberships. Dean White 
emphasized that the classification of mem- 
bership in the ASEE is defined by the 
Constitution and that Associate Institu 
tional Membership classification was in 
cluded in order to provide a vitally neces 
sarv liaison between industries and the 
Engineering Colleges. Without close liai 
son between industries and our educational 
institutions, edueation would become ster 
ile and aeademie and would lose the vital 
ity which has been gained by close indus 
try affiliation. It was the opinion of the 
Board that even closer liaison with in- 
dustry is desirable and would result in 
strengthening engineering education and 
the engineering profession. 

The Executive Board suggested that the 
Division of Relations with Industry con- 
sider the problem of studying the relation 
ships between Engineering Colleges and 
industry in order to make recommenda 
tions as to more effective lines of coopera 
ion. 

President Woolrich appointed a com- 
mittee consisting of Jesse McKeon, Donald 
Bridgman, M. M. Boring, L. Fletcher, and 
C. L. Skelley to explore ways of increas- 
ing membership from among industrial 
people, particularly the leading engineer 
ing personnel in industry. This commit 
tee would also recommend means of in- 
creasing participation of industrial mem- 
bers in Society activities. 

Students for 


Interchange of Foreign 


Work Experience 


A letter from Dr. Dees of the National 
Science Foundation was read. This re- 
lates to a new organization, the Interna 
tional Association for the Exchange of 
Students for Technical Experience. The 
Science Foundation has cooperated with 
this organization in attempts to develop 


outlets tor technical experience of British 
students in industries in the U. S. Pro 
fessor A. H. Tichenor, Jr., of Purdue Uni 
versity has been appointed Chairman of a 
group in the United States to develop this 
program. 

Earlier in the year, Dean Steinberg was 
appointed as ASEE representative to the 
Committee which is studying these pro 
The matter had been referred to 
the Relations with Industry Division of 
the ASEE, for their comments. Both the 
Executive Board Members and the Divi 
sion of Relations with Industry officers 
expressed concern over the operational 
difficulties of sueh a 
pointed out that because of security re- 
strictions, most companies have regula 
tions against hiring aliens and that this 
made it difficult to place foreign students 
in American industries. The question was 
also asked why the United States should 
bring over a whole new group of students 
for work experience in this country when 
there are already large numbers of British 
and foreign students in this country at- 
tending our educational institutions, many 
of whom will undoubtedly seek job experi 
ence before returning to their own coun 
try? The suggestion was made that Brit- 
ish students could probably get eompa- 
rable work experience in plants either in 
England or in Europe, where travel dis- 
tances and expenses are considerably 
lower. The Board expressed willingness 
to cooperate with the project but felt that 
the ASEE could not take on the respon- 
sibility for it or for handling the place- 
ment of foreign students in American in 
dustries. 


posals. 


program. It was 


Future Annual Meetings 

The Secretary read letters from Dean 
Tupper of the University of Toronto and 
Dean Eckel of the University of Colorado 
inviting the ASEE to hold future Annual 
Meetings at their respective institutions. 
This was deferred for future action. 


Research Study of Educational Methods 
Division 
The Educational Methods Division has 
proposed to conduct a research study with 
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the objective of establishing correlations 
between success of engineering graduates 
and various factors in the educational pro- 
gram. The Educational Testing Service is 
planning a somewhat different study to 
determine primary factors which contrib- 
ute to success and has solicited funds from 
industry to conduct this study. The Edu- 
cational Methods Division of the ASEE 
is proposing to cooperate with the Eduea- 
tional Testing Service in developing a 
common project. 

The primary concern of the Executive 
Board relates to the solicitation of funds. 
The Board suggested that inasmuch as the 
Educational Testing Service had initiated 
the solicitation of funds and would prob- 
ably provide the personnel and facilities 


to conduct the study, the most expeditioys 
way seemed to be to allow ETS to coy 
tinue the solicitation, with the Educatio, 
Methods Division of the ASEE serving i; 
an advisory capacity in helping to « velop 
the testing methods. 


Institutional Membership 

The Executive Board voted to accept thy 
application of the Standard Oil Develop 
ment Company for Associate Institutiona| 
membership. 

The Board also voted to accept the ap- 
plication of Spring Garden Institute for 
Affiliate Institutional membership. 


Respectfully submitted, 
ARTHUR BRONWELL, 
Secretary 











ASEE Sponsored Seminar on Improvement 
of Teaching 


The seminar on Teaching Methods in 
the Advanced Engineering Program which 
was jointly sponsored by ASEE and the 
General Electrie Company and held in 
Schenectady June 16-21, 1952, had at 
least two unusual features: it was pointed 
toward teaching method rather than sub- 
ject matter, and the participating teachers 
were assigned active roles as problem 
solvers instead of being passive listeners. 

The importance of helping the student 
learn how to deal competently with engi 
neering situations that are new to him, 
together with having him learn to do this 
by practice in doing it, has been recognized 
by many individuals and by ASEE com- 
mittees, and has been emphasized recently 
in the work of the Committee on Improve- 
ment of Teaching. Also realistic problem 
solving as a goal and as a teaching method 
has been developed and successfully em- 
ployed in the Advanced Engineering Pro- 
gram of the General Electric Company for 
more than twenty-five years, and, indeed, 
has been its distinguishing feature. (In- 
cidentally, the program was established be- 
cause most engineering graduates were 
found to be deficient in their ability to 
deal with new situations on their own ini- 
tiative and in terms of fundamental prin- 
ciples.) Thus when the question came 
trom the General Electric Company as to 
what it could do to further the cause of 
improvement of teaching, the suggéstion 
was made that it might acquaint teachers 
with the philosophy and methods of the 
Advanced Engineering Program. It was 
not expected that these would be directly 
applicable to engineering classes but rather 
would suggest and stimulate improvements 
that individual teachers might work out for 
themselves, Thus discussions of how the 


philosophy and method might be adapted 
to college teaching were a planned part of 
the program. 

Consistent with the principle of learn- 
ing by doing, accepted by both the Com- 
mittee on Improvement of Teaching and 
the Advanced Engineering Program, the 
attending teachers were given the philos- 
ophy of the program by participating in 
it as students. The problem solving method 
itself was used to demonstrate the problem 
solving method. The seminar members be- 
gan by taking the entrance examination 
and went on to work and diseuss three 
problems during the week. Brief diseus- 
sions of the adaptation of the philosophy 
to teaching occurred every day, and the 
closing period of the seminar was devoted 
to overall generalizing and the drawing of 
conclusions. It was not by any means a 
week of leisure; the schedule ealled for 
outside work on problems during most of 
the evenings. However, one afternoon 
was devoted to a plant inspection trip, one 
evening to a smoker, and the week ended 
with a banquet. 

The seminar was conducted by two reg- 
ular supervisory staff members of the Gen- 
eral Electric Advanced Engineering Pro- 
gram, D. R. Mack and Henry Lehmann, 
assisted by Professor D. W. VerPlanck 
of Carnegie Institute of Technology, and 
these men deserve the credit for the suc- 
cess of the seminar. The entrance exami- 
nation and two of the problems were typi- 
eal of the Advanced Course although some- 
what scaled down in length because of the 
shorter time available, and the third was 
an Advanced Course type of problem 
which had been developed and used in col- 
lege teaching. The problems required six 
to ten hours’ work each, were built around 
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realistic engineering situations, and were 
of such novelty and level of difficulty as 
to interest and challenge most of the par- 
ticipating teachers. Problem material was 
drawn impartially from the general fields 
of electrical and mechanical engineering. 

All the expenses of the seminar, includ- 
ing travel and living costs, were borne by 
the General Electric Company. Meetings 
of the seminar were held in Union College 
classrooms, and members were housed most 
comfortably in a fraternity house on the 
campus. Living and working together for 
a week were conducive to spontaneous in- 
formal discussions of education that oc- 
eurred at any and all hours. 

Attendance was limited to twenty-five. 
Deans or other administrative officials of 
about fifty institutions throughout the 
United States were each invited to nomi- 
nate one candidate, and promptness of 


ASEE SEMINAR ON IMPROVEMENT OF TEACHING 


response was an important factor jn ¢h, 
final selection, since time was short. on 
homogeneity of the group was belieys 
and later found to be, desirable, and 
was suggested that candidates be teach 
of either electrical or mechanical eneiy,, 
ing, be between twenty-five and 
years old, and preferably have 
degrees. 
While it is difficult to measur 
cess of an undertaking such as this, 
staff and members of the seminar wi 
enthusiastic in their reactions to it. Th, 
results of the stimulating week wil] sho 
up in improvements in future teachi) 
by the participants. We recommend ¢} 
it be carried on next year on substantia 
the same basis as this vear. 
Respectfully submitted, 
K. B. McEacuroy, Jr 
B. R. Tere, JR. 














Section 


Allegheny 


Illinois-Indiana 


Kansas-Nebraska 


Michigan 


Middle Atlantic 


Missouri 





Section Meetings 


Location of Meeting 
West Virginia 
University 


Rose Polytechnic 
Institute 


University of Kansas 


Detroit Institute of 
Technology 


University of Delaware 


Washington University 


National Capital Area Catholie University of 


New England 


North Midwest 


Ohio 


Pacifie Northwest 


Pacifie Southwest 


“Rocky Mountain 


*Southeastern 


Southwestern 


Upper New York 


America 
Howard University 
University of 
Maryland 
Worcester Polytechnic 
Institute 


Marquette University 


University of 
Cincinnati 


Washington State 
College 


California State Poly- 
technic College 

University of 
Wyoming 


Louisiana State 
University 


University of 
New Mexico 
Rochester Institute of 
Technology 


Dates 
April 17-18, 
1953 
May, 16, 1953 
Oct. 24-25, 
1952 
May 9, 1953 


May 2, 1953 


April 11, 1953 


Oet. 7, 1952 


May 9, 1953 
Feb. 3, 1953 


Oct. 18, 1952 


Oct. 9-10, 1953 

May 2, 1953 

April 24-25, 
1953 


Dee. 29-30, 
1952 


March, 1953 


April 3 & 4, 
1953 
October, 1953 


Chairman of Section 


C. H. Cather, 

West Virginia Univer- 
sity 

H. A. Moench, 

Rose Polytechnic 
Institute 

M. A. Durland, 

Kansas State College 

C. C. Winn, 

Detroit Institute of 
Technology 

W. B. Plank, 

Lafayette College 

G. F. Branigan, 

University of 
Arkansas 

L. K. Downing, 

Howard University 


E. T. Donovan, 

University of New 
Hampshire 

S. J. Chamberlin, 

lowa State College 

H. K. Justice, 

University of 
Cincinnati 

J. P. Spielman, 

Washington State 
College 

C. E. Cherry, 

College of Marin 

C. A. Hutchinson, 

University of 
Colorado 

D. V. Terrell, 

University of 
Kentucky 

M. L. Ray, 

University of Houston 

R. M. Campbell, 

Alfred University 


Members of the Society are welcome at all Section Meetings 


* No Date Set. 
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AGARWAL, Pau D., Instructor in Electrical 
Engineering, Polytechnic Institute of 
Brooklyn, Brooklyn, N. Y. F. A. Wahlers, 
J. W. Hostetter. 

AHONEN, CHARLES O., Associate Professor 
of Physics, Northeastern University, Bos- 
ton, Mass. H. K. Brown, W. C. White. 

ALDRICH, Haru P., Jr., Assistant Professor 
of Soil Mechanics, Massachusetts Insti- 
tute of Technology, Cambridge, Mass. 
A. J. Bone, H. R. Bartlett. 

ANDERSON, Epwarp P., Assistant Professor 
of Electrical Engineering, Brigham Young 
University, Provo, Utah. G. W. Carter, 
R. D. Baker. 

ARNESON, BLAYNE E., Instructor in Electri- 
eal Engineering, Milwaukee School of 
Engineering, Milwaukee, Wis. F. J. Van 
Zeeland, F. Kaufmann. 

BACHELDER, ALFRED C., Assistant Professor 
of Mechanical Engineering, University of 
Rhode Island, Kingston, R. I. J. Parker, 
D. Bradbury. 

BAILEY, JOHN A., Development Engineer, 
Thermal Power Sys. Division, General 
Electric Company, Schenectady, N. Y. 
N. P. Bailey, G. K. Palsgrove. 

BALDWIN, Davin, Instructor in English, 
Rensselaer Polytechnic Institute, Troy, 
N. Y. S. P. Olmsted, F. Abbuhl. 

BaricH, Steve S., Assistant Professor of 
Drawing, University of Minnesota, Min- 
neapolis, Minn. R. F. Schuck, R. J. 
Moore. 

BARRETT, THEODORE HARVEY, Associate Pro- 
fessor of Civil Engineering, Michigan Col- 
lege of Mining and Technology, Hough- 
ton, Mich. W. C. Polkinghorne, G. W. 
Swenson. 

Barus, CARL, Assistant Professor of Elec- 
trical Engineering, Swarthmore College, 
Swarthmore, Pa. J. D. MeCrumm, H. M. 
Jenkins. 

BaTcH, JOHN M., Instructor in Mechanical 
Engineering, South Dakota State College, 
Brooklings, 8. D. L. L. Amidon, E. E. 
Johnson. 

BATEMAN, JOHN H., Professor of Civil 
Engineering, Louisiana State University, 
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Baton Rouge, La. 
Bronwell. 

BeLavic, ANDREW M., Instructor in Engi- 
neering Drawing, Case Institute of Tech. 
nology, Cleveland, Ohio. O. M. Stone, 
W. E. Nudd. 

BLAKEMORE, ROBERT E., Assistant Director 
of Student Personnel and Professor of 
Psychology, School of Mines, Rapid City, 
8. D. W. E. Wilson, E. E. Clark. 

BLANCHARD, RALPH 8., JR., Instructor in 
Mechanical Engineering, Northeastern 
University, Boston, Mass. A. J. Ferretti, 
E. E. Mills. 

BLOMQUIST, GAIL C., Associate Professor 
of Civil Engineering, Michigan State Col- 
lege, East Lansing, Michigan. D. W. 
Ryckman, F, R. Theroux. 

BRADFORD, HowakD M., Instructor in Tech- 
nical Institute, Purdue University, Lafa- 
yette, Ind. A. P. MeDonald, A. W. 
Collins. 

BURRELL, FREDERICK S8., Assistant Professor 
of Mechanical Engineering, Swarthmore 
College, Swarthmore, Pa. J. D. Me- 
Crumm, W. J. Cope. 

BursIk, JOSEPH W., Instructor in Mechani 
cal Engineering, Rensselaer Polytechnic 
Institute, Troy, N. Y. G. K. Palsgrove, 
J. G. Fairfield. 

CALENDAR, H. L., Assistant Professor of 
General Engineering, Rutgers University, 
New Brunswick, N. J. S. P. Owens, 
M. T. Ayers. 

CuaPitis, WILLIAM J., Assistant Professor 
of English and Modern Languages, Colo- 
rado School of Mines, Golden, Colo. 
W. M. Richtmann, G. W. LeMaire. 

CuuTE, GEORGE M., Professor of Electrical 
Engineering, University of Detroit, De- 
troit, Mich. R. W. Ahlquist, J. J. Uicker. 

CLEARY, JOHN F., Instructor in Mechanical 
Engineering, Case Institute of Technol- 
ogy, Cleveland, Ohio. E. Laitala, G. L. 
Tuve. 

CLIFFORD, Luoyp E., Instructor in Engineer- 
ing, University of Santa Clara, Santa 
Clara, Calif. R. K. Pefley, H. H. Aiken. 

CocHRANE, Epwarp L., Dean of Engineer- 
ing, Massachusetts Institute of Technol- 


J. H. Bateman, A, B. 
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ogy, Cambridge, Mass. J. R. Killian, Jr., 
H. L. Hazen. 

Coe, Larry, S8., Professor and Head, Elec- 
trical Engineering, Utah State Agricul- 
tural College, Logan, Utah. J. E. Chris- 
tiansen, M. J. Greaves. 

CorteTt, ALBERT V., Head of Mining Dept., 
Queen’s University, Kingston, Ont., Can- 
ada. A. Jackson, A. Butts, W. J. Rundle. 

CrEDE, CHARLES E., Chief Engineer, The 
Barry Corporation, 700 Pleasant Street, 
Watertown 72, Mass. H. K. Brown, E. E. 
Mills. 

D’AVELLA, JOSEPH X., Instructor, Depart- 
ment of Industrial Management, Boston 
College, Chestnut Hill, Mass. W. R. 
Grogan, P. D. O’Donnell. 

DgEMER, KENNETH C., Professor of Applied 
Mechanics, University of Kansas, Law- 
rence, Kans. F. L. Brown, R. 8S. Tait. 

Dick, WILLIAM K., Instructor in Electrical 
Engineering, Washington University, St. 
Louis, Mo. J. W. Hammann, R. T. Webb. 

Dios, ZoLTAN B., Instructor in Electrical 
Engineering, University of Kansas, Law- 
rence, Kans. D. G. Wilson, W. P. Smith. 

DoLAN, THEODORE, Instructor in General 


Engineering Drawing, University of Illi- 
nois, Chicago, Ill. 


C. J. Carlson, S. M. 
Futral, Jr. 

DoyLE, LAWRENCE E., Associate Professor 
of Mechanical Engineering, University of 
Illinois, Urbana, Ill. K. J. Trigger, C. J. 
Starr. 

DRUCKER, EUGENE E., Assistant Professor 
of Mechanical Engineering, U. S. Naval 
Postgraduate School, Monterey, Calif. 
H. M. Wright, P. J. Kiefer. 

Dyson, LESLIE M., Assistant Professor of 
Electrical Engineering, Louisiana Poly- 
technie Institute, Ruston, La. B.. T. 
Bogard, A. C. Thigpen. 

Eaton, MELVILLE E., Head of Engineering, 
University of Alabama Center, Mobile, 
Ala. W. Mellvaine, A. B. Bronwell. 

ELBERFELD, JOHN, Dean of the College, 
Worcester Junior College, Worcester, 
Mass. W. C. White, W. T. Alexander. 

Etmer, Ropert W., Assistant Professor of 
English, Rensselaer Polytechnic Institute, 
Troy, N. Y. F. Abbuhl, S. P. Olmsted. 

Evans, James P., Instructor in Basic 
Courses, Capitol Radio Engineering In- 
stitute, Washington, D. C. E. L. Rada- 
baugh, A. Preisman. 

FEzaNpig, EvGENE H., Professor of Me- 
chanical Engineering, Stevens Institute 


of Technology, Hoboken, N. J. 
Moser, R. O. Vuilleumier. 

FORRESTER, JAMES D., Professor of Mining 
Engineering, Missouri School of Mines, 
Rolla, Mo. C. L. Wilson, E. W. Carlton. 

FRIEND, FREDERICK B., Lecturer in Applied 
Physics, University of Toronto, Toronto, 
Ont., Canada. L. S. Lauchland, K. B. 
Jackson. 

GoLiaTT, Sam P., JR., Associate Professor 
of Electrical Engineering, Louisiana Poly 
technic Institute, Ruston, La. B. T. 
Bogard, A. C. Thigpen. 

HaGist, WARREN M., Assistant Professor 
of Mechanical Engineering, University of 
Rhode Island, Kingston, R. I. D. Brad 
bury, F. Votta. 

HANSEN, THoMAS L., Professor and Head, 
Department of Architecture and Archi 
teetural Engineering, University of Colo- 
rado, Boulder, Colo. C. L. Eckel, D. M. 
Carlson. 

HASAN, MUBASHIR, Assistant Professor of 
Civil Engineering (on leave), The Punjab 
College of Engineering and Technology, 
Lahore, Pakistan. F. M. Dawson, E. B. 
Kurtz. 

HAvER, NELSON, A., Head, Industrial Edu- 
cation Department, Louisiana State Uni- 
versity, Baton Rouge, La. W. R. Wool- 
rich, F. F. Pillet. 

HEAFIELD, KENNETH, Associate Professor of 
English, Michigan College of M. & T., 
Houghton, Mich. F. L. Partlo, T. C. 
Sermon. 

HEARNE, HOLLIs C., Associate Professor of 
Mathematics, Louisiana Polytechnic In- 
stitute, Ruston, La. A. C. Thigpen, B. T. 
Bogard. 

HENDERSON, FRANK J., Chief Draftsman, 
Engineering, Jervis B. Webb Company, 
Detroit Mich. H. Gudebski, K. E. Smith. 

H1xson, WILLIAM A., Assistant Professor of 
Electrical Engineering, School of Mines, 
Rapid City, S. D. A. R. Colgan, E. B. 
Hunt. 

HOFFMAN, SIDNEY, Assistant Professor of 
Mechanical Engineering, Syracuse Univer- 
sity, Syracuse, N. Y. D. U. Greenwald, 
B. H. Norem. 

Houuy, NorMAN E., Assistant Director, Sin- 
clair College, Dayton, Ohio. W. R. Wool- 
rich, A. B. Bronwell. 

Hous, RicHarD W., Instructor in English, 
Fairleigh Dickinson College, Rutherford, 
N. J. W.H. Foster, S. J. Tracy. 

HunTER, Haroutp O’D., Chairman, Division 
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of Engineering, Hillyer College, Hartford, 
Conn. G. Robley, W. J. Wohlenberg. 

JaGGER, JAMES M., Personnel Director, 
Arthur D. Little, Inc., Cambridge, Mass. 
C. S. Keevil, L. C. Jenness. 

JENSEN, IvAN R., Professor of Civil Engi- 
neering, University of North Dakota, 
Grand Forks, N. D. E. L. Lium, A. Koth. 

JEWELL, ARTHUR D., Assistant Principal, 
Armstrong High School, Washington, 
D.C. L. J. Purnell, E. R. Welsh. 

JOHNSON, RoBertT C., Assistant Professor of 
Chemical Engineering, Washington Uni- 
versity, St. Louis, Mo. D. F. Chamber- 
lain, W. P. Armstrong. 

Jones, Everett L., Instructor in Engineer- 
ing Extension, University of California, 
Los Angeles, Calif. J. C. Dillon, R. R. 
O’Neill. 

Karz, ApoteH I., Assistant Professor of 
Textile Engineering, Lowell Textile In- 
stitute, Lowell, Mass. M. Hindle, M. E. 
Gelinas. 


Kemp, C. Ernest, Assistant Professor of 


Geology, Michigan College of M. & T., 
Sault Ste. Marie, Mich. 
C. Russell. 

KENERSON, WALDO I., Professor of Civil 
Engineering, Michigan State College, East 


H. L. Crawford, 


Lansing, Mich. D. W. Ryckman, D. J. 
Renwick. 

Kippey, Donaup R., Instructor in Industrial 
Engineering, Ohio State University, Co- 
lumbus, Ohio. P. N. Lehoezky, L. D. 
Jones. . 

KISTLER, SAMUEL S., Dean, College of Engi- 
neering, University of Utah, Salt Lake 
City, Utah. A. L. Taylor, M. E. Van 
Valkenburg, O. C. Haycock. 

KLINE, STEPHEN J., Assistant Professor of 
Mechanical Engineering, Stanford Uni- 
versity, Stanford, Calif. J. B. Franzini, 
W. G. Ireson. 

KRiINSKY, HERMAN Y., Instructor in Chemi- 
cal Engineering, Pratt Institute, Brook- 
lyn, N. Y. R. F. Shaffer, K. E. Quier. 

KroMuHouT, Rospert A., Instructor in 
Physics, University of Illinois, Urbana, 
Il, <A. F. Silkett, W. K. LeBold. 

LEMLICH, RoBERT, Assistant Professor of 
Chemical Engineering, University of Cin- 
cinnati, Cincinnati, Ohio. H. K. Justice, 
W. Licht. 

LEONARDS, GERALD A., Assistant Professor 
of Soil Mechanics, Purdue University, 
Lafayette, Ind. F. W. Stubbs, Jr., M. B. 
Scott. 


LyNN, WALTER R., Instructor in Civil Eno; 
neering, University of Miami, Miami, Fla, 
M. I. Mantell, J. H. Clouse. 

McBrive, Epwarp J., Chairman, Depart 
ment of Mechanical Engineering, Uniye; 
sity of Kansas, Lawrence, Kans. |. 0. 
Hanson, R. 8S. Tait. 

McCoNNELL, HowarD M., Assistant Profes 
sor of Electrical Engineering, Carnegie 
Institute of Technology, Pittsburgh, Ps. 
W. P. Caywood, G. W. Penney. 

McCuan, MARVIN G., Professor and Chair 
man, Department of Engineering and 
Mathematics, Amarillo College, Amarillo. 
Tex. W. W. DeVaney, W. E. Street. 

McWILLIAMS, Robert L., Staff Assistant. 
Edueational Relations, Public 
Dept., General Motors Corp., 
Mich. K. A. Meade, E. L. Yates. 

MorRECcOCK, EARLE M., Supervisor Electri 
cal Department, Rochester Institute of 
Technology, Rochester, N. Y. G. H. Le 
Cain, L. F. Smith. 

Morgan, Davin H., Dean of the College, 
Agricultural and Mechanical College of 
Texas, College Station, Tex. H. W. Bar- 
low, J. P. Abbott. 

MOULTROP, KENDALL, Assistant Professor of 
Civil Engineering, University of Rhode 
Island, Kingston, R. I. C. B. Clarke, H, 
Campbell. 

MurpHy, DAniEL J., Representative, Inter 
national Textbook Company, Seranton, 
Pa. (Home address: 87-44 62 Rd., Rego 
Park, N. Y.) R. E. Wilson, L. W. Tice. 

Myers, HERBERT L., Assistant Professor of 
Electrical Engineering and Mathematics, 
U. S. Naval Postgraduate School, Mon 
terey, Calif. F. E. LaCauza, R. K. 
Houston. 

O’DONNELL, Pau D., Assistant Professor 
of Industrial Management, Boston Col 
lege, Boston, Mass. P. R. Swan, W. R. 
Grogan. 

OVERHOUSE, JOHN A., Instructor in Civil 
Engineering, Michigan State College, East 
Lansing, Mich. F. R. Therous, D. W. 
Ryckman. 

PANLILIO, FILADELFO, Associated Professor 
and Head of Civil Engineering, Univer- 
sity of the Philippines, Quezon City, P. I. 
J. A. Van den Broek, A. B. Bronwell. 

PrecK, CHARLES F., Jr., Assistant Professor 
of Civil Engineering, Carnegie Institute 
of Technology, Pittsburgh, Pa. F. T. 
Mavis, J. W. Graham. 

Pierce, J. Puiir, Associate Professor of 
Mathematics, U. S. Naval Postgraduate 


Relations 
Detroit, 
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School, Monterey, Calif. F. E. LaCauza, 
R. K. Houston. 

Race, EDWARD A., Assistant Professor of 
Mathematics, Norwich University, North- 
field, Vt. C. A. Renfrew, M. W. Connon. 

REESE, RAYMOND C., Consulting Engineer, 
P. O. Box 58, Toledo 1, Ohio. W. R. 
Woolrich, A. B. Bronwell. 

SaLe, CLARENCE M., Assistant Professor of 
Mechanical Engineering, Southern Metho- 
dist University, Dallas, Tex. E. H. Flath, 
C, A. Besio. 

SaunperSs, Ropert M., Assistant Professor 
of Electrical Engineering, University of 
California, Berkeley, Calif. A. S. Levens, 
H. D, Eberhart. 

Saxer, Epwin L., Professor of Civil Engi 
neering, University of Toledo, Toledo, 
Ohio. J. B. Brandeberry, W. Sherman 
Smith. 

ScHNEERER, WILLIAM F.., Instructor in Engi- 
neering Drawing, Case Institute of Tech 
nology, Cleveland, Ohio. O. M. Stone, 
W. E. Nudd. 

ScOFIELD, GORDON L.., Professor 
of Mechanical Engineering, School of 
Mines, Rolla, Mo. C. L. Wilson, A. J. 
Miles. 

SEULBERGER, F. 
Northwestern 
Evanston, Ill. A. B. 
Eshbach. 

SHOCKLEY, THOMAS D., Jr., Instructor in 
Engineering Drawing, Louisiana State 
University, Baton Rouge, La. PD. P. 
Dixon, J. S. Comer. 

SreMoN, STANLEY, R., Senior Lecturer, 
Chemical Engineering, Canterbury Uni- 
versity College, Christchurch, N. Z. R. M. 
Boarts, H. F. Johnson. 

Simon, HERBERT A., Professor and Head, 
Industrial Mgt., Carnegie Institute of 
Technology, Pittsburgh, Pa. G. L. Bach, 
B. R. Teare, Jr. 

Situ, LEIGHTON B., Professor of Chemical 
Engineering, Tufts College, Medford, 
Mass. C. E. Tucker, H. C. Ries. 

SmitH, THomas N., Professor of Engineer- 
ing Administration, Michigan College of 
M. & T., Houghton, Mich. S. R. Price, 
A. C, Morrill. 

SMITH, WAYLAND P., Instructor in Mechani- 
cal Engineering, Case Institute of Tech- 
nology, Cleveland, Ohio. E. Laitala, 
W. A, Lynam. 

SNELL, JoHN R., Professor and Head, De- 
partment of: Civil Engineering, Michigan 


Associate 


GEORGE, Assistant Dean, 
Technological Institute, 
Bronwell, O. W. 


State College, East Lansing, Mich. M. F. 
Rogers, D. W. Ryckman. 

SPALDING, SAMUEL C., JR., Assistant Profes 
sor of Chemical Engineering, University 
of Louisville, Louisville, Ky. H. H. 
Fenwick, R. I. Fields. 

STANNARD, GEORGE E., Assistant Professor 
of Electrical Engineering, Worcester Poly- 
technic Institute, Worcester, Mass. T. H. 
Morgan, H. H. Newell. 

STEVENS, JOHN A., Assistant Professor of 
Civil Engineering, University of Miami, 
Miami, Fla. M. I. Mantell, J. H. Clouse. 

Stock, ELpDoN M., Professor of Civil Engi 
neering, Utah State Agricultural College, 
Logan, Utah. J. E. Christiansen, D. K. 
Fuhriman. 

STOKEY, WILLIAM F., Assistant Professor of 
Mechanical Engineering, Carnegie Insti- 
tute of Technology, Pittsburgh, Pa. C. M. 
Tyler, Jr., Walton Forstall, Jr. 

STRUNK, GRANVILLE B., Instructor in Engi 
neering Drawing and Descriptive Geome 
try, Stockton College, Stockton, Calif. 
W. J. Luzadder, H. E. Welch. 

Swirt, Marvin H., Instructor in English 
and Psychology, General Motors Institute, 
Flint, Mich. R. E. Tuttle, C. A. Brown. 

SYVERSON, ALDRICH, Associate Professor of 
Chemical Engineering, Ohio State Uni- 
versity, Columbus, Ohio. J. H. Koffolt, 
L. D. Jones. 

TEST, FREDERICK L., 
Mechanical Engineering, 
Rhode Island, Kingston, R. I. 
D. Bradbury. 

Tuomas, Henry E., Associate Professor of 
Engineering, Lowell Textile Institute, 
Lowell, Mass. M. Hindle, M. FE. Gelinas. 

THorson, Donatp A., Assistant Professor 
of Civil Engineering, School of Mines, 
Rapid City, S. D. W. I. Mitchell, E. E. 
Clark. 

TooLes, CALVIN W., Assistant Professor of 
Civil Engineering, Virginia Polytechnic 
Institute, Blacksburg, Va. R. C. Brinker, 
T. W. Broekenbrough. 

VAN STRIEN, Davip O., Assistant Professor 
of Civil Engineering, Michigan State Col- 
lege, East Lansing, Mich. D. W. Ryck- 
man, L. A. Smith. 

WALDEN, Don W., Representative, Interna- 
tional Textbook Company, Scranton, Pa. 
(Home address: 127 N. Greenwood Ave., 
Palatine, Ill.) R. E. Wilson, L. W. Tice. 

WASHBURN, Dovuctas H., Assistant Profes- 
sor of English, Rensselaer Polytechnic In- 


Assistant Professor of 
University of 
J. Parker, 
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stitute, Troy, N. Y. 
Abbuhl. 

Weaver, WILLIAM H., Professor of Mechani- 
eal Engineering, University of Massachu- 
setts, Amherst, Mass. G. A. Marston, 
M. E. Bates. 

WEeESTHAFER, RoBert L., Associate Professor 
of mathematics, New Mexico College of 
A. & M. A., State College, N. Y. A. M. 
Luken, M. A. Thomas. 

WIEBELT, JOHN A., Instructor in Mechani- 
cal Engineering, Southern Methodist Uni- 
versity, Dallas, Tex. R. M. Mattson, 
C. H. Shumaker. 

WILEY, Jay W., Associate Professor of His- 
tory, Economics, Government, Purdue Uni- 
versity, Lafayette, Indiana. W. J. Luzad- 
der, J. N. Arnold. 


C. H. Gray, F. 


NEW MEMBERS 


WILKINSON, Bauce W., Shell Oil Fellow. 
Department of Chemical Engineering, 
Ohio State University, Columbus, Ohio. 
J. H. Koffolt, L. D. Jones. 

WILLIAMS, WENTWORTH, Dean of Students 
Lowell Textile Institute, Lowell, Mass, 
M. Hindle, M. E. Gelinas. 

WoopwortH, Forrest M., Instructor in 
Engineering Drawing, University of De. 
troit, Detroit, Mich. S. Osborne, 0, F, 
Heyden. 

WorsHam, Lupson D., Vice President and 
Project Manager, The Ralph M. Parsons 
Co., Frederick, Md. W. R. Woolrich, 
A. B. Bronwell. 

WYtik, FRANK B., JR., Assistant Professor 
of Civil Engineering, University of Ten- 
nessee, Knoxville, Tenn. 





Young Faculty Members ..... 


PAPER COMPETITION 


ELIGIBILITY : 
AWARDS: 


Members of ASEE not over 36 years of age in June, 1953. 


First prize $200—Second prize $100. 
Awards will be presented to recipients at the Banquet at the 
Annual Meeting of ASEE, University of Florida, June 25, 1953. 


SUBJECT: Papers should deal with some constructive phase of improvement 
of engineering education. Participants are encouraged to select 
their own subject matter and titles within the broad framework 
of improvement of engineering education. In general, the 
papers should not be of a technical nature. The following are 


suggestions of the type of subject matter to consider: 


a. How can the student learn to deal with new and unfamiliar 
situations with originality and well-ordered professional 
thinking? 


b. What are the most important qualifications of under- 
graduate teachers of engineering? 


Each Section will appoint its own judging committee and select 
one winning paper. The winning papers from the Sections will 
be reviewed by a national judging committee for the final awards. 


SUBMISSION OF Papers can be submitted to the following persons in the ASEE 


ENTRIES: 
Section 


Allegheny 


Missouri 
National Capital 
New England 


North-Midwest 
Ohio 
Pacific-Northwest 


Rocky Mountain 
Southeastern 
Southwestern 


Section in which the participant resides: 


Final Date 
April 1, 1953 


April 1, 1953 
Mareh 23, 1953 
March 15, 1953 


April 1, 1953 
March 14, 1953 
March 15, 1953 


March 10, 1953 
Feb. 27, 1953 


af, 


April 2, 1953 


Upper New York March 15, 1953 


Submit Entry To: 

L. Zee Seltzer, West Virginia University, Morgantown, 
W. Va. 

F. H. Conrad, School of Mines, Rolla, Mo. 

L. K. Downing, Howard University, Washington, D. C. 

E. T. Donovan, University of New Hampshire, Durham, 
N. 

S. J. Chamberlain, Iowa State College, Ames, Iowa 

H. K. Justice, University of Cincinnati, Cincinnati, Ohio 

J. P. Spielman, State College of Washington, Pullman, 
Wash. 

R. E. Leffel, University of Colorado, Boulder, Colo. 

M. Baker, University of Kentucky, Lexington, Ky. 

R. D. Slonneger, University of Texas, Austin, Tex. 

A. D. Taylor, 18 Campus Drive East, Snyder 21, N. Y. 


The following Sections have not indicated a final date for entries, but papers submitted 
prior to March 15 will be considered: 


Illinois-Indiana 


Kansas-Nebraska 
Michigan 

Middle Atlantic 
Pacifie-Southwest 


H. A. Moench, Rose Polytechnic Institute, Terre Haute, 
Ind. 

M. A. Durland, Kansas State College, Manhattan, Kans. 

C. C. Winn, Detroit Inst. of Technology, Detroit, Mich. 

W. B. Plank, Lafayette College, Easton, Pa. 

C. E, Cherry, College of Marin, Kentfield, Calif. 


355 


JournnaL or ENGINEERING EpucaTion, JAN., 1953 





Sections and Branches 


The Fall Meeting of the Middle At- 
lantic Section of the ASEE was held at 
Manhattan College in New York City on 
December 6, 1952. Reverend Brother 
Bonaventure Thomas, President of Man- 
hattan College, in weleoming the visitors 
suggested that they should strive as edu- 
cators, not only to teach engineering fun- 
damentals but to infiltrate those principles 
which are socially and morally good. 
Chairman W. B. Plank presided over this 
meeting whose topie was “The Role of 
Professionalism in Engineering Educa- 
tion.” Speakers ineluded E. J. Nunan, 
W. J. MeCarthy and J. L. MeManus. A 
second general session, with Reverend 
Brother Bernard presiding, was devoted to 
the topie “Transition—College to Training 
in Industry,” presented by Dwayne Orton, 
assisted by C. S. Purnell and D. J. O’Con- 
nell. New Section officers include: Chair- 
man, C. Bonilla; Vice-Chairman, C. Bur- 
rill; Council Representative, T. Saville. 


The thirty-third annual meeting of the 
Kansas-Nebraska Section convened on 
October 24, 1952 in the parlors of Plym- 
outh Congregational Chureh of Law- 
rence, Kansas. M. A. Durland presided. 
W. R. Woolrich, President of ASEE, 
spoke on the subject “Should We Up- 
Grade the Engineering Profession to 


Higher Achievement Levels?” At the 
close of his address Dean Woolrich an- 
swered questions from the floor. The fol- 
lowing officers were elected: Chairman, M 
H. Barnard; Vice-Chairman, J. E. Ward: 
Secretary-Treasurer, P. G. Hausman; 
Council Representative, M. A. Durland. 
It was announced that the meeting for 
next year would be held at Kansas Stat 
College. 


* 


The Upper New York Section otf the 
ASEE held its seventh annual meeting at 
Alfred University on October 10 and 1], 
1952. The General Session on Saturday 
morning was highlighted by a panel dis- 
cussion on the topic “The Trend of Engi- 
neering Education in 1952.” Speakers 
were: J. Seidlin, R. R. Dry, S. C. Hol- 
lister, N. L. Freeman, M. M. Boring and 
C. V. Newsom. A. B. Bronwell, National 
Secretary of ASEE, and M. M. Boring, 
National Vice-President, attended the 
meeting. The following officers were 
elected: Chairman, F. E. Almstead; Vice- 
Chairman, N. A. Christensen; Secretary- 
Treasurer, A. D. Taylor. The next annual 
meeting of the Section, with the Rochester 
Institute of Technology serving as host 
for the Technical Institute group, will be 
held in October, 1953. 
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In the News 


“Who’s Who in Engineering” announces 
the beginning of the compilation of the 
7th edition, the first revision since 1948. 
The Advisory Committee of Engineers 
Joint Council on the publication met with 
the editor and publisher recently and drew 
up the minimum qualifications for inclu- 
sion in the volume. 

The method of revision that will be fol- 
lowed includes the resubmission of their 
material to all those recorded in the 6th 
edition; the extension of invitations to 
supply data to a large list of engineers 
who have been variously recommended for 
the volume during the four years since 
the appearance of the 6th edition; the ex- 
tension of invitations to engineers in all 
branehes of the profession not now in- 
cluded, whose activities are indicative of 
the quality of their professional accom- 
plishments; the issuance of invitations to 
engineers recommended by institutions 
and organizations with which they have 
been identified. 

The Advisory Committee of Engineers 
Joint Council is composed of: A. A. 
Potter, Chairman, Dean of Engineering, 
Purdue University; George W. Bailey, 
Seretary, The Institute of Radio Engi- 
neers; Prof. A. B. Bronwell, Secretary, 
American Society for Engineering Educa- 
tion; Col. W. N. Carey, Secretary, Ameri- 
can Society of Civil Engineers; Col. C. E. 
Davies, Secretary, The American Society 
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of Mechanical Engineers; H. H. Henline, 
Seeretary, American Institute of Electri- 
cal Engineers; S. Paul Johnston, Director, 
Institute of Aeronautical Sciences; Paul 
H. Robbins, Executive Director, National 
Society of Professional Engineers; E. H. 
Robie, Secretary, American Institute of 
Mining and Metallurgical Engineers; S. 
L. Tyler, Secretary, American Institute of 
Chemical Engineers; John A. C. Warner, 
Secretary, Society of Automotive Engi- 
neers; and L. Austin Wright, Secretary, 
Engineering Institute of Canada. 

The importance of the publication to 
the profession and to the country at large, 
a point in which there is general coneur- 
rence, is stressed. The volume is produced 
under careful editorship, with ready ac- 
ceptance by the publisher of workable 
suggestions from professional groups 
upon coverage. 

The minimum qualifications for inelu- 
sion referred to above are as follows: 


1. Engineers of at least ten years active 
practice, at least five years of which have 
been in responsible charge of important 
engineering work. 

2. Teachers of engineering subjects in 
colleges or schools of accepted standing 
who have taught such subjects for at least 
ten years, at least five years of which have 
been in responsible charge of a major en- 
gineering course in such college or school. 
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College Notes 


Announce National Collegiate-Industry-Government 
Conference on Instrumentation 


The Electrical Engineering Department 
of Michigan State College, in coopera- 
tion with the National Science Founda- 
tion, the National Bureau of Standards, 
the Instrument Society of America, and 
the American Society for Engineering 
Education, announces an_ invitational 
National Collegiate-Industry-Government 
Conference on Instrumentation to be held 
on its campus, March 19-20, 1953. 

The Conference is being called in reeog- 
nition of the growing importance and po- 
tential of instrumentation in research and 
production, and to the national defense. 
The objectives of the Conference are: 


a. To relate the role and needs of In- 
strumentation in production and re- 
search to college interests and re- 
sponsibilities, 

. To review current Instrumentation 
activities in the colleges, 

ec. To suggest specific activities the col- 
leges might undertake in this field, 

d.To suggest specifie ways by which 
Industry might assist the colleges in 
these activities. 


Participating in the program and rep- 
resenting the sponsoring groups will be 
Paul Klopsteg, Director of the Mathemati- 
eal, Engineering and Physical Sciences 
Div. of the National Science Foundation, 
A. V. Astin, Director of the National 
Bureau of Standards, Porter Hart, Presi- 
dent of the Instrument Society of Amer- 
ica, and E. A. Walker, Dean of Engineer- 
ing at Pennsylvania State College. 

Others on the program include: from 


industry, G. M. Rassweiler, Assistant 
Chief, Physics-Instrumentation Lab., Gen- 
eral Motors Technical Center, J. B. Mae- 
Mahon, Republic Flow Meters Company, 
George Muschamp, Vice-President, Brown 
Instrument Company, R. T. Sheen, Vice- 
President, Milton Roy Company; from 
Government, W. A. Wildhack, Chief, Of- 
fice of Basic Instrumentation, N. B. S.; 
from the colleges, J. D. Trimmer, Univer- 
sity of Tennessee, R. W. Jones, North- 
western University, C. S. Draper, M.LT., 
H. C. Roberts, University of Illinois, D. P. 
Eckman, Case Institute and R. J. Jeffries 
and M. Muelder, Michigan State College. 

Educational and Industrial administra- 
tors and others interested in the field of 
Instrumentation who would like additional 
information concerning the Conference 
should write to Professor R. J. Jeffries, 
Department of Electrical Engineering, 
Michigan State College, East Lansing, 
Michigan, at once, as attendance will be 


limited. 
* = * 


The departments of electrical engineer- 
ing and physies of the University of I- 
linois College of Engineering, in coopera- 
tion with several leading companies in the 
electronics industry, will conduct a Sum- 
mer School on Semiconductors and Tran- 
sistor Electronics at Urbana, IIl., June 22- 
July 17, 1953. Courses will be offered in 
three areas—a general survey of semicon- 
ductors, physies of transistors, and tran- 
sistor circuits. Lecturers will include out- 
standing scientists from industrial labora- 
tories as well as regular University of 
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Illinois staff members. The school will be 
part of the Summer Session of the Uni- 
versity, so that graduate-level academic 
eredit can be given if desired. Inquiries 
should be addressed to the Department of 
Electrical Engineering, University of Il- 
linois, Urbana, Ill. 


Dean S. S. Steinberg, chairman of the 
ASEE Committee on International Rela- 
tions and Dean of Engineering of the 
University of Maryland, attended the In- 
ter-American Convention of the American 
Society of Civil Engineers at San Juan, 
Puerto Rico. He will represent the Presi- 
dent’s Conference on Industrial Safety, of 
which he is chairman of the Committee 
on Education. He will present a paper on 
“Safety Integration into Engineering Cur- 
ricula.” 


% g * 


The appointment of Dr. Ely Mencher, 
formerly Senior Field Geologist and Re- 
search Geologist with the Socony Vacuum 
Oil Company of Venezuela, as Associate 
Professor of Geology in the Department 
of Geology and Geophysics at the Mas- 
sachusetts Institute of Technology has 
been announced. At M.I.T. Dr. Mencher 
will conduct courses in Stratigraphy and 
Petroleum Geology and will continue his 
research on the Geology of South Amer- 
1¢a. 


= % a 


Dr. Herschel H. Cudd has been ap- 


pointed Acting Director of Georgia 
Tech’s State Engineering Experiment 
Station. He will assume the duties of Dr. 
Gerald A. Rosselot, former Director, who 
recently resigned. Dr. Cudd, who has 
served as head of the Station’s Chemical 
Sciences Division since 1950, possesses a 
broad background of industrial research 
experience, including employment with du 
Pont’s Rayon Technical Division, Interna- 
tional Minerals and Chemicals Corp., and 
West Point Manufacturing Company. 
Prior to joining the Station’s staff, Dr. 
Cudd was director of West Point’s Lan- 
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tuck Division. Dr. Cudd received his B.S. 
in Chemistry from Texas A. & I. in 1933 
and his Ph.D. in Physical Chemistry from 
the University of Texas in 1941. 


The Daniel and Florence Guggenheim 
Foundation will grant a total of $36,000 
for 1953 Guggenheim Jet Propulsion Fel- 
lowships for graduate study in rocket 
and jet propulsion engineering at the 
California Institute of Technology and 
at Princeton University. 


New head of the department of the- 
oretical and applied mechanies in the 
University of Illinois college of engineer- 
ing is Professor Thomas J. Dolan. The 
board of trustees named him on Nov. 28 
as suecessor to Professor Fred B. Seely, 
who has reached retirement age. Prof. 
Dolan is president of the Society for Ex- 
perimental Stress Analysis, chairman of 
an American Society for Testing Mate- 
rials committee on fatigue, a consultant 
for the National Science Foundation, and 
latest winner of the Templin award of the 
ASTM. He served as a delegate to the 
World Metallurgical Congress in 1951, 
and as a participant in the Stockholm con- 
ference on the fatigue of metals in that 
same year. 


Cornell University has set up a special 
5-year curriculum in agricultural engi- 
neering and will grant a new professional 
degree—bachelor of agricultural engineer- 
ing—to students who successfully ecom- 
plete the work. 


* x ue 


New York University will initiate a 
program of graduate courses in transpor- 
tation engineering with the academic term 
beginning in February, 1953. The new 
program will emphasize modern highway 
planning, design, and construction; traffic 
engineering; and airport design. The 
course offerings are primarily intended for 
persons holding undergraduate degrees in 
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Civil Engineering. Each course may be 
taken as a portion of a program leading 
to an advanced degree, or as a single course 
by a qualified special student. Comple- 
tion of the entire series constitutes a meas- 
ure of specialization in this phase of civil 
engineering. 


* = * 


Graduate study in technical writing is 
to be offered by Rensselaer Polytechnic 


Institute beginning with the nex} College 
year. The degree of master of sclence js 
to be awarded on satisfactory completion 


of two semesters of work. Course are 


designed to develop clear, grammatical 
and interesting writing on technica] sub- 
jects. The English department is to direct 
the program. 

The Rensselaer master’s degree in tech 
nical writing is believed to be the firs 
offered in this particular field. 
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Engineering Enrollments and Degrees, 1952 * 


By ROBERT C. STORY and HENRY H. ARMSBY ** 


The engineering enrollment picture for 
the fall of 1952 is extremely encouraging. 
After successive yearly declines from the 
high point of 244,390 in 1947, engineering 
enrollment has taken a decided upward 
turn. The 158,518 students currently en- 
rolled in engineering schools accredited by 
the Engineers’ Council for Professional 
Development represent an increase of 7.3 
per cent over the number enrolled in the 
fall of 1951. The increase in total enroll- 
ment in all higher educational institutions 
for the same period was 1.5 per cent. 
Since engineering enrollment is made up 
almost exclusively of men, it is perhaps 
more appropriate to contrast the 7.3 per 
cent inerease in engineering enrollment 
with the 0.8 per cent decrease in total male 
enrollment in all higher educational in- 
stitutions. 

Colleges and universities across the Na- 
tion experienced increases in new students 
this fall unparalleled since the tremendous 
wave of new students in the fall of 1946. 
In the engineering schools the percentage 
increase in new students was more than 
twice what it was for all institutions (34.3 
vs. 13.7). The 1952 freshman class, num- 
bering 45,854, is the 4th largest class ever 
to enter the engineering schools. Only in 
1946, 1947, and 1948 has the number been 


* All engineering data appearing in the 
text of this report are restricted to ECPD 
accredited schools. A report covering all 
engineering schools, regardless of ECPD ac- 
creditation, will shortly be issued by the 
U. 8. Office of Education. 

**In the U. 8S. Office of Education, Fed- 
eral Seeurity Agency, Mr. Story is Head, 
Statistical Services Unit, Research and Sta- 
tistical Standards Section; and Mr. Armsby 
is Chief for Engineering Education, Division 
of Higher Education. 


exceeded. The contrast is even more strik- 
ing when one compares the cireumstances 
prevailing today with those of the im- 
mediate post-war years. The enrollment 
bulge following World War II was the re- 
sult of a sudden releasing of the pent-up 
demand for education which had been held 
in cheek during the war. Today this situa- 
tion exists only in very small measure in 
the return of the Korean veterans, who 
presently comprise a tiny segment of the 
college population. 

While the evidence suggests that a 
higher percentage of young people are 
entering college, the dimension is not suf- 
ficiently large to account for the excep- 
tional increase in freshmen engineering 
students. In the first place, a greater pro- 
portion of entering students are choosing 
engineering in preference to other eur- 
ricula. This year 8.5 per cent of all 
freshmen were enrolled in engineering 
schools as compared to 7.2 per cent in 
1951 and 5.7 per cent in 1950. The pre- 
war figure was about 8 per cent. The ele- 
ments which are probably most closely re- 
lated to the selection of engineering by so 
many freshmen are: (1) The widely pub- 
licized need for technical and scientific 
personnel, and the relatively high rates of 
pay new engineering graduates are re- 
ceiving, (2) the opportunity for military 
reserve training with attendant commis- 
sions upon graduation, and (3) the fact 
that postponement of military service 
until graduation is more socially palatable 
in the case of scientific and technical train- 
ing than in other areas of study. 

The large increase in the number of 
freshmen engineering students enrolled 
this fall will have a decided effect on the 
trend in the number of graduates. As- 
suming normal progression, this year’s 





2 ENROLLMENT IN ENGINEERING COLLEGES, 1952 


entering class will yield about 29,000 grad- 
uates in 1956. In the intervening years, 
however, the number of graduates will 
continue to drop, reaching a low of some- 
what less than 20,000 in 1954. The pres- 
ent shortage of civilian engineers is apt 
to grow more acute in the years immedi- 
ately ahead as fewer and fewer engineer- 
ing students complete their training. 
Moreover, it should be remembered that 
many of those who do graduate will be go- 
ing directly into the military service. 

The number of undergraduate engineer- 
ing students has increased for the first 
time since 1946. The 138,170 enrolled in 
the fall of 1952 represent an increase of 
7.6 per cent over the previous year’s en- 
rollment. 

Of the undergraduate enrollment, fresh- 
men aceount for 33 per cent; sophomores, 
19 per cent; juniors, 16 per cent; and 
seniors, 17 per cent. About 2 per cent are 
5th year students in 5-year curricula, and 
the remaining 13 per cent are part-time 
and evening students. The latter category 
of students has increased steadily as the 
composition of the student body has 
changed from predominately veteran stu- 
dents to nonveteran students. 

About 55 per cent of all undergraduate 
engineering students are enrolled in 3 
curricula—mechanical, electrical, and civil. 
Of these three, 21.2 per cent were en- 
rolléd in mechanical, 19.3 per cent in 
electrical, and 14.7 per cent in civil. The 
tendency of institutions not to assign 
freshmen to specialized curricula is in- 
creasingly reflected in the current sta- 
tisties. This fall 92 schools reported un- 
classified students as compared to 84 
schools in the fall of 1951. 

The number of male students who re- 
ceived their undergraduate engineering 
degrees in 1951-52 is down 28.3 per cent 
from the previous year. This compares 
with the decline of 18.7 per cent in first 
degrees granted to male students in all in- 
stitutions. Of all first degrees granted to 
men students 11.9 per cent were in engi- 
neering. In the previous year 13.5 per 
cent of all first degrees to men were in 
engineering. 


The distribution of first degrees among 
the three principal engineering curricyl, 
was as follows: Mechanical, 6823; elec. 
trical, 5876; and civil, 4917. The number 
of graduates in each of the three curries 
is considerably lower than in the previous 
year. In mechanical engineering the nym 
ber of degrees decreased 29.0 per cent. 
About 32 per cent fewer were graduated 
in electrical engineering, and 24 per cent 
fewer were graduated in civil engineering. 

The inerease in graduate enrollment has 
continued unabated. In the fall of 1952. 
5.9 per cent more students were enrolled 
for the master’s or other pre-doctoral de 
gree than in 1951. The number of stu- 
dents enrolled as candidates for the doc 
tor’s degree increased 1.9 per cent. About 
57 per cent of the students working to- 
ward the master’s degree were evening 
students. In contrast, a considerably 
smaller percentage (22.8) of the students 
working for their doctorates were evening 
students. 

The increase in the number of graduate 
students is a reflection of the demand of 
industry for persons with training beyond 
the baccalaureate degree. This is espe 
cially evident when one considers the high 
proportion of the candidates for master’s 
degrees who are enrolled as evening stu 
dents. Undoubtedly, most of these stu 
dents are employed engineers who have 
recognized the necessity for advanced 
training either to improve their positions 
or to better their understanding of the 
more complex engineering processes whic: 
are developing today. 

While the number of graduate students 
in engineering has increased, the per cent 
of all engineering students who are en- 
rolled in graduate work (12.8) has de- 
creased. In the fall of 1951 the per cent 
was 13.1. For the college population 
as a whole, about 10 per cent are graduate 
students. 

More than 30 per cent of all engineering 
graduate students are taking their train- 
ing in electrical engineering; mechanical 
engineering accounts for about 17 per 
cent; while approximately 11 per cent are 
enrolled in chemical engineering. 
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Master’s degrees in engineering declined 
19.5 per cent in 1951-52 from the previous 
vear. The comparable decrease in all 
master’s degrees conferred was 5.8 per 
cent. The number of doctor’s degrees in 
engineering remained exactly the same as 
in 1951, while the percentage increase for 
all doctor’s degrees was approximately 5 
per cent. 

The data contained in this report are 
hased on a survey of engineering schools 
and colleges made in October 1952, under 
the joint sponsorship of the U. S. Office 
of Education and the American Society 
for Engineering Education. In accord- 
ance with an agreement reached by the 
joint committee of the Office of Educa- 
tion and the ASEE, all institutions listed 
in the Office of Education Directory of 
Higher Edueation,' which reported that 
they conferred degrees in engineering dur- 
ing 1951-52,? were requested to supply 
data. Eight Canadian institutions were 
also invited to participate in the study. 
Reports were received from all institu- 
tions aceredited by the ECPD, from 44 
other U. S. institutions, and from the 8 
Canadian institutions. 


1Edueation Directory, Part III, Higher 
Edueation, 1951-52. 

*Earned Degrees Conferred in Higher 
Educational Institutions, 1951-52, Circular 
No. 360, U. 8. Office of Education. 


As proposed by the joint ASEE and 
Office of Education Committee and ap 
proved by the ASEE general council, the 
tabulations in this report list individually 
only the ECPD accredited institutions 
(eligible for active membership in the 
ASEE) but contain data for the other 
U. S. institutions as a group and for the 
Canadian institutions as a group. 


Definition of Items: 

Period covered: Engineering schools 
were asked to report student enrollment 
as of October 6, 1952. A few institutions, 
beeause of late opening, were unable to 
report before November. Degree data are 
for the period July 1, 1951 to June 30, 
1952. 

Undergraduate students: Institutions 
were requested to report by class level 
only those students enrolled definitely as 
candidates for an engineering degree. 
“Part-time students” (both day and eve- 
ning) may include degree candidates as 
well as students who are not working 
toward a degree. 

Graduate students: Institutions were 
requested to “Report all students who 
have been admitted to formal graduate 
courses—regardless of the number of 
eredit hours carried by the students, and 
regardless of whether the student’s work is 
administered by the engineering college or 
the graduate school.” 
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SECTIONS OF THE ASEE* 


Active and Affiliate Institutional Members 


New England Section 


Univ. of Me. 

Univ. of Vt. 

Norwich 

Dartmouth 

Univ. of N. H. 

Boston and Vicinity : 
Tufts 
Harvard 
Lowell Text. Inst. 
Mass. Inst. of Tech. 
Wentworth Tech. Inst. 
Franklin Tech. Inst. 
Northeastern 

Worcester Poly. Inst. 

Univ. of Conn. 

Brown 

Univ. of Mass. 

Yale 

Univ. of R. I. 

U. 8. Coast Guard Acad. 

Bridgeport Engrg. Inst. 


Middle Atlantic Section 


Stevens Inst. of Tech. 

New York and Vicinity : . 
College of the City of N. Y. 
Columbia 


N. ¥. U 
Webb Institute 
Manhattan 
Academy of Aero. 
RCA Institutes 

Brooklyn and Vicinity : 
Brooklyn Poly. Inst. 
Pratt Institute 

Newark College of Engrg. 

Rutgers 

Princeton 

Lafayette 

Lehigh 

Philadelphia and Vicinity: 
Drexel Inst. of Tech. 
Univ. of Pa. 

Villanova 

Swarthmore 

Univ. of Dela. 


Capitol Section 
Johns by kins 
Univ. 
Washinaton and Vicinity : 
Catholic 
Howard 
George Washington 


Upper New York Section 


Clarkson College of Tech. 
Rensselaer Poly. Inst. 
Union 

Syracuse 

Cornell 

Univ. of Rochester 

Alfred 


Univ. of Buffalo 


Michigan Section 


Detroit and Vicinity: 
Univ. of Detroit 
Chrysler Inst. of Engrg 

Wayne 

Univ. of Mich. 

Mich. State College 


Ohio Section 


Univ. of Toledo 

Sinclair 

Ohio Northern 

Cincinnati and Vicinity 
Univ. of Cincinnati 
Ohio Mech. Inst. 

Ohio State Univ. 

Case Inst. of Tech 

Fenn 

Univ. of Akron 


Allegheny Section 


Pittsburgh and Vicinity : 
Carnegie Inst. of Tech. 
Spring Garden Institute 
Univ. of Pittsburgh 
Westinghouse Tech. Night School 
West Virginia 
Pa. State College 
Bucknell 


Southeastern Section 


Univ. of Louisville 
Univ. of Ky. 

Va. Military Inst. 
Univ. of Miss. 
Univ. of Tenn. 

Va. Poly. Inst. 
Univ. of Va. 

Duke 

N. C. State College 
Clemson 

Univ. of S. C. 

The Citadel 

Ga. Inst. of Tech. 
Univ. of Fla. 

Ala. Poly. Inst. 
Tulane 

Univ. of Ala. 
Louisiana State Univ. 
La. Poly. Institute 
Southwestern La. Inst. 
Miss. State College 
Vanderbilt 


Missouri Section 


St. Louis and Vicinity: 
Washington 
St. Louis Univ. 
Univ. of Mo. 
Mo. School of Mines 
Univ. of Ark. 
Ark. Poly. Inst. 


*See “What Do You Know About Your Section?’ by B. J. Robertson, Jnl. of Engrg. Ed, 


Feb., 1948. 





18 SECTIONS OF THE ASEE 


Illinois-Indiana Section 


Northwestern University 
Illinois Inst. of Tech. 
Univ. of Notre Dame 
Purdue 

Aero. Univ. 

Rose Poly Inst. 

Bradley 


North Midwest Section 


Mich. College of M. & T. 
Marquette 

Univ. of Wis. 

State Univ. of Iowa 
Iowa State College 
Univ. of Minn. 

Univ. of N. D. 

N. D. Agric. College 

S. D. State College 

S. D. School of Mines 
Milwaukee School of Engrg. 


Kansas-Nebraska Section 


Univ. of Omaha 

Univ. of Neb. 

Kansas State College 

Kansas State Teachers College 
Univ. of Kansas 


Southwestern Section 


Okla. A. & M. College 

State Univ. of Okla. 

Univ. of Tulsa 

Southern Methodist 

A. & M. College of Texas 

Rice Inst. 

Univ. of Texas 

. rexas College of A. & I. 
. M. Eee of A. & M. 

u niv. of N. 

Texas Tech. College 

Prairie View A. & M. 


Rocky Mountain Section 
Univ. of Wyo. 
Colo. A. & ~ College 
Univ. of Col 
Colo. School “ot Mines 
Univ. of Denver 
Utah State Agricultural College 
Univ. of Utah 


Pacific Northwest Section 


Ore. State College 
Univ. of Wash. 

State College of Wash. 
Univ. of Idaho 

Mont. School of Mines 
Mont. State College 


Pacific Southwest Section 


Univ. of Ariz. 

Calif. Inst. of Tech. 

Los Angeles and Vicinity: 
Univ. of Southern Calif. 
Univ. of Calif 
Cal-Aero Tech. Inst. 
Northrop Aero. Inst. 

San Francisco Bay and Vicinity : 
Univ. of Santa Clara 
San Jose State College 
Univ. of Calif. 

U. S. Naval P. G. Schoo! 
Stanford University 
University of Nevada 


Unassigned 


Univ. of Toronto 
Ecole Poly. 

Queens 

McGill 

Univ. of Alaska 
Univ. of Hawaii 
Univ. of Puerto Rico 





ORGANIZATION OF THE SOCIETY 


The Society for the Promotion of Engi- 
neering Education was the outgrowth of the 
meetings of Division E of the World’s Engi- 
neering Congress held in Chicago from July 
21 to August 15, 1893, in connection with 
the World’s Columbian Exposition. 

In June, 1946, the name of the Society was 
changed to The American Society for Engi- 
neering Education. 

The purpose of the Society is the advance- 
ment of education in all its functions which 
pertain to engineering and allied branches 
of science and technology, including the proc- 
esses of teaching and learning, research, ex- 
tension services, and public relations. The 
Society shall serve its members as a common 
agency of stimulation and guidance in: (a) 
the formulation of the general goals and 
responsibilities of engineering education for 
the service of individuals and the advance- 
ment of general welfare; (b) the adjustment 
of curricula and educational processes to 
changing conditions; (c) the development of 
effective teachers and administrators; (d) 
the improvement of instructional materials 
and methods, of personnel practices, and of 
administrative usages; (e) the enhancement 
of professional ideals and standards; (f) the 
fostering of research as a function collateral 
to teaching; (g) the coordination of institu- 
tional aims and programs, both among 
schools and colleges and in their joint rela- 
tions with professional, educational, and pub- 
lie bodies; and (h) the cultivation of a 
fraternal spirit among teachers, administra- 
tors, investigators, practitioners, and indus- 
trialists, 

The Society is an organization of indi- 
vidual and institutional members which op- 
erates in two coordinate areas of activity, 
corresponding to the respective interests of 
these groups. The interests of the individual 
members are coordinated under a General 
Council, and the activities of its institutional 
members through the Engineering College 
Administrative Council and the Engineering 
College Research Council. The Executive 
Board is the administrative body responsible 
for coordinating the activities of the entire 
Society. 

The ASEE has twenty-one Divisions and a 


19 


number of Committees which represent vari 
ous professional branches of science, engi- 
neering, and related fields. The Divisions 
and Committees arrange the technical pro 
gram of the annual meeting and are respon- 
sible for much of the technical work of the 
Society. A number of studies of far-reach- 
ing importance to engineering colleges and 
the educational profession have been con- 
ducted through Division and Committee 
activities. 

There are sixteen geographical Sections 
which hold regional meetings. The programs 
of these meetings are devoted to various 
timely subjects dealing with engineering 
education, research, administration, and pro- 
fessional aspects of engineering. 

Local branches of the Society have been 
formed in a number of engineering colleges 
in order to further the objectives of engi- 
neering education within the colleges. 

The Engineering College Administrative 
Council serves to foster cooperation among 
engineering colleges and to relate the colleges 
to the public welfare in the interests of the 
engineering profession, industry, and the 
public at large. It serves as an instrument 
of inquiry into problems which contribute to 
the effective administration of engineering 
colleges. It cooperates with agencies of the 
government, engineering societies, and other 
organizations to further the interests of 
engineering education. 

The Engineering College Research Council 
assists in developing research facilities in 
engineering colleges and serves as an organi- 
zation to promote and coordinate scientific 
and industrial research. The Council coop- 
erates with governmental agencies and indus- 
trial organizations in the formulation of re- 
search programs. Through these activities 
the Council contributes to the improvement 
of advanced study in engineering colleges. 

The Journal of Engineering Education, 
published monthly during the academic year, 
is the formal publication of the ASEE. It 
contains papers, reports and discussions per- 
tinent to the profession. This Journal is 
distributed free to the members. A bound 
volume of the Journal constitutes the annual 
Proceedings of the Society. 
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OFFICERS AND COUNCIL MEMBERS FOR 1952-53 
OFFICERS 1952-53 


President: W. R. Woo.kicH, Dean of Engineering, University of Texas, Austin, Tex. 


Vice President, (1953) (In charge of general and regional activities): M. M. Boring, 
General Electric Company, Schenectady, N. Y. 


Vice President, (1954) (In charge of instructional division activities): W. C. Wurre, 
Vice President, Northeastern University, Boston, Mass. 


Vice President, (1953) (Engineering College Administrative Council): J. H. LAMPE, Dean 
of Engineering, North Carolina State College, Raleigh, N. C. 


Vice President, (1954) (Engineering College Research Couneil): E. A. WALKER, Dean of 
Engineering, Pennsylvania State College, State College, Pa. 


Secretary: A. B. BRONWELL, Professor of Electrical Engineering, Northwestern University, 
Evanston, Il. 


Assistant Secretary and Editor, Journal of Engineering Education: ©. E. Watson, Chair 
man, Industrial Relations Department, Northwestern University, Evanston, Ill. 


Treasurer: C. L. SKELLEY, Manager, Technical Book Department, The Macmillan Company, 
New York, N. Y. 


Junior Past Presidents: 


§. C, HoLuister, Cornell University, Ithaca, N. Y. 
F. M. Dawson, State University of Iowa, Iowa City, Iowa. 
THORNDIKE SAVILLE, New York University, New York 53, N. Y. 


Office Staff: 


MaRION STROHM, Editorial Secretary. 
MARIAN MERRILL, Office Secretary. 


Published monthly (except during July and August) at Prince and Lemon Sts., Lancaster, Pa., by 
the American Society for Engineering Education under the supervision of the Publication Commit- 
tee: A. B. Bronwell, Chairman, Northwestern University, 8S. C. Hollister, C. L. Skelley, James 8S 
Thompson, C. E. Watson, Editor, and W. R. Woolrich. Entered as second class matter, October 
17, 1912, at the Post Office at Lancaster, Pa., under the Act of August 12, 1912. Subscription 
Price, $5.00 per year; Single Copies, $1.00; Yearbook, $3.00. 





MEMBERS OF GENERAL COUNCIL 


The General Council includes the Officers of the Society and the Junior Past Presidents 
listed on the preceding page, in addition to the following representatives of Divisions ang 


Sections. 
DIVISIONS 
Representatives on Council * 


Aeronautical Eng.— H. W. BARLow (1953), 
A. & M. College of Texas, College Station, 
Texas 

Agricultural Eng.—O. C. FRENCH (1954), 
Cornell University, Ithaca, N. Y. 

Architectural—W. W. DoRNBERGER (1954), 
University of Texas, Austin, Tex. 

Chemical Eng.—R. M. Boarts (1953), Uni- 
versity of Tennessee, Knoxville, Tenn. 

Civil Eng.—FE. H. GAytorp (1954), Ohio 
University, Athens, Ohio 

Cooperative Eng—D. ©. Hunt (1953), 
University of Detroit, Detroit, Mich. 

Educational Methods—H. R. BEatTtTy 
(1954), Pratt Institute, Brooklyn, N. Y. 

Electrical Eng.—T. H. Morcan (1953), 
Worcester Polytechnie Institute, Wor- 
cester, Mass. 

Engineering Drawing—R. S. PAFFENBARGER 
(1954), Ohio State University, Columbus, 
Ohio. 

English—C. A. Brown (1953), 
Motors Institute, Flint, Mich. 
Evening Engineering Education—S. E. 
WINSTON (1953), Illinois Institute of 

Technology, Chicago, Il. 

Graduate Studies—ErNst WEBER (1954), 
Brooklyn Polytechnic Institute, Brooklyn, 
me 

Humanistic-Social—S. W. CHAPMAN (1953), 
University of Washington, Seattle, Wash. 

Industrial Eng.—.J. M. APPLE (1954), Mich- 
igan State College, East Lansing, Mich. 

Mathematics—F. H. MILLER (1953), Cooper 
Union, New York, N. Y. 

Mechanical Eng.—H. Kuenzeu (1954), 
University of Alabama, Tuscaloosa, Ala. 

Mechanics—C. O. HArris (1953), Michigan 
State College, East Lansing, Mich. 

Mineral Eng.—C. L. Witson (1954), Mis- 
souri School of Mines, Rolla, Mo. 


General 


Physics—E. HUTCHISSON (1953), Case In 
stitute of Technology, Cleveland, Ohio 
Relations with Industry—K. B. McFacu. 
RON (1953), General Electric Co., Schenee. 

tady, N. Y. 

Technical Institutes—H. P. ApAMs (1953). 
Oklahoma A. & M. College, Stillwater, 
Okla. 


SECTIONS 
Representatives on Council * 


Allegheny—D. M. GrirritH (1953), Buck 
nell University, Lewisburg, Pa. 

Illinois-Indiana—E. F. OserT (1954), 
Northwestern University, Evanston, Ill. 

Kansas-Nebraska—DonALD G. WILSON, 
(1953), University of Kansas, Lawrence 
Kans. 

Michigan—W. P. Goprrey (1954), Univer 
sity of Detroit, Detroit, Mich. 

Middle Atlantic—W. ALLAN (1953), City 
College of New York, New York, N. Y. 

Missouri—J. R. Loran (1953), University 
of Missouri, Columbia, Mo. 

National Capital—H. H. Armspy (1954), 
U. S. Office of Education, Washington, 
D. C. 

New England—B. 
Worcester Polytechnic 
cester, Mass. 

North Midwest—K. F. WeNpT (1954), Uni 
versity of Wisconsin, Madison, Wisc. 

Ohio—L. D. Jones (1953), Ohio State Uni 
versity, Columbus, Ohio 

Pacific Northwest—C. A. MockMorE (1954), 
Oregon State College, Corvallis, Ore. 

Pacific Southwest—H. H. WHEATON (1953), 
Fresno State College, Fresno, Calif. 

Rocky Mountain—E. J. LInDAHL (1954), 
University of Wyoming, Laramie, Wyo. 

Southeastern—F. H. PumMpnHrey (1953), 
University of Florida, Gainesville, Fla. 

Southwestern—N. F. Rope (1954), Texas 
A. & M. College, College Station, Tex. 

Upper New York—G. K. PALsGROVE (1954), 
Rensselaer Polytechnic Institute, Troy, 
N,. ¥. 


L. WELLMAN (1953), 
Institute, Wor 


* Members of Council retire ten days after the annual meeting held in the year following 
their name. 





ENGINEERING COLLEGE ADMINISTRATIVE COUNCIL 
OFFICERS AND COMMITTEES 


1952 


53 


J. H. Lampe, Vice President, ASEE and Chairman of ECAC, Nortli Carolina State College. 
W. L. Everitt, Secretary, University of [linois. 


Executive Committee: W. T. Alexander, T. 
H. Evans, G. W. Gleeson, R. M. Green, 
W. N. Jones. 

International Relations: S. S. Steinberg, 
Chairman, H. O. Croft, F. M. Dawson, 
L. E. Grinter, H. L. Hazen, L. J. Lassalle, 
J. 8. Thompson, R. E. Vivian, W. R. 
Woolrich. 

Manpower Committee: D. S. Bridgman, 
Chairman, O. W. Eshbach, K. P. Hanson, 
S. C. Hollister, W. R. Horsley, L. H. 
Johnson, A. A. Soderquist. 

Military Affairs Committee: William Allan, 
Chairman, J. H. Davis, E. E. Dreese, P. 


E. Hemke, S. C. Hollister, J. H. Lampe, 
E. B. Norris, M. H. Trytten, H. E. Wess- 
man, W. C. White, W. R. Woolrich. 

Selection and Guidance Committee: N. W. 
Dougherty, Chairman, D. S. Bridgman, 
J. F. Calvert, H. Flinsch, N. A. Parker, 
R. H. Roy, E. M. Schoenborn. 

Committee on Secondary Schools: S. H. 
Pierce, Chairman, C. G. Brennecke, H. P. 
3urden, R. H. Carlton, G. A. Hawkins, 
P. E. Hemke, Phillip Johnson, R. D. 
Landon, Harold Metealf, C. V. Newsom, 
R. C. Potter, J. F. Downie Smith, E. R. 
Wileox. 


ENGINEERING COLLEGE RESEARCH COUNCIL 
OFFICERS AND COMMITTEES 


1952-53 


E. A. Walker, Vice President, ASEE and Chairman of ECRC, Pennsylvania State College 


(1954). 


M. P. O’Brien, Senior Vice Chairman, University of California (1953). 
K. F. Wendt, Junior Vice Chairman, University of Wisconsin (1954). 
V. E. Neilly, Secretary, Pennsylvania State College. 


Executive Committee: E. A. Walker, Penn- 


sylvania State College (1954), J. H. Ham- 
ilton, University of Utah (1952), T. L. 
Joseph, University of Minnesota (1952), 
R. A. Morgen, National Science Founda- 
tion (1953), T. L. Joseph, University of 
Minnesota (1953), J. H. Hamilton, Uni- 
versity of Utah (1954), A. A. Jakkula, 
Texas A. & M. College (1954), F. C. Lind- 
vall, California Institute of Technology 
(1955), R. J. Woodrow, Princeton Univer- 
sity (1955). 

Committee on Contract Relations with the 
Federal Government: R. J. Woodrow, 
Chairman, W. R. Burford, A. P. Colburn, 
T. E. Davis, G. A. Green, W. T. Middle- 
brook, G. A. Rosselot, N. McL. Sage, H. 
A. Schade, R. B. Stewart, C. W. Williams. 
Ex-officio: E. A. Walker. 


Committee on Relations with Industrial 
Research Agencies: H. K. Work, Chair- 
man, S. T. Carpenter, H. O. Croft, E. W. 
Engstrom, G. A. Hawkins, J. H. Perrine, 
H. A. Schade, N. A. Shepard, H. N. 
Stephens, Howard Vesper, K. F. Wendt. 

Nominating Committee: L. J. Lassalle, 
Chairman (1953), W. L. Everitt (1954), 
H. K. Work (1955). 

Program Committee: R. A. Morgen, Chair- 
man, A. A. Jakkula, S. S. Steinberg, K. 
F. Wendt. 

Advisory Committee on Basic Engineering 
Research: E. A. Walker, Chairman, W. L. 
Everitt, Thorndike Saville, T. K. Sher- 
wood, K. F. Wendt. 

Officers retire after the Annual Meeting in 
the year indicated in parentheses following 
their name. 





ASEE COMMITTEES, 1952-53 


ASEE COMMITTEES, 1952-53 


Associate Institutional Membership: J. C. 
McKeon, Chairman, Westinghouse Elec- 
trie Corp., East Pittsburgh, Pa. H. K. 
Breckenridge, C. E. Davies, L. J. Fletcher, 
C. J. Freund, Keith Glennan, E. P. 
Hamilton, S. C. Hollister, W. N. Jones. 
Ex-officio: W. R. Woolrich, A. B. Bron- 
well. 

Atomic Energy Education: H. H. Armsby, 
Chairman, U. 8S. Office of Education, 
Washington, D. C., For three years: L. M. 
K. Boelter, G. H. Hawkins; for two years: 
H. B. Hansteen, H. E. Wessman; for one 
year: H. H. Armsby, R. C. Ernst. Secre- 
tary: A, F. Thompson, AEC. 

Constitution and By-Laws: H. H. Armsby, 
Chairman, U. 8. Office of Education, 
Washington, D. C., L. A. Bingham, E, C. 
Easton, C. J. Freund, E. K. Kraybill, 
G. A. Marston, L. E. Seeley, L. F. Smith. 

Engineering Economy: H. S. Osborne, 
Chairman, American Telephone & Tele- 
graph Co., New York, N. Y., J. M. Apple, 
E. D. Ayres, J. C. Gebhard, E. M. Gris- 
wold, A. R. Gruehr, A. Lesser, J. F. 
Manildi, R. W. MeFall, W. D. Mellvaine, 
8S. J. Montgomery, W. R. Spriegel, H. G. 
Thuesen, J. E. Vivian. 

Engineering School Libraries: George Bonn, 
Chairman, The Rice Institute, Houston, 
Texas, J. E. Allerding, C. W. Bennett, 
W. S. Budington, E. A. Chapman, W. R. 
Harvey, Wm. Hyde, P. Leslie, C. Penrose, 
M. Ritchie, H. E. Sauter, V. D. Tate, I. A. 
Tumbleson. 

Ethical Standards, Promotion of: C. J. 
Freund, Chairman, University of Detroit, 
Detroit, Mich., W. W. Burton, N. A. 
Christensen, N. W. Dougherty, E. F. 
Obert, R. L. Peurifoy, W. M. Ryan, A. K. 
Schneider. 

Evaluation of Engineering Education: L. 
E. Grinter, Chairman, University of Flor- 
ida, Gainesville, Fla.. H. H. Armsby, L. 
M. K. Boelter, A. P. Colburn, C. 8. Crouse, 
J. P. Den Hartog, N. W. Dougherty, T. 
H. Evans, W. L. Everitt, R. C. Ernst, M. 
G. Fontana, D. F. Gunder, J. F. Gregg, 
G. A. Hawkins, P. E. Hemke, 8. C. Hol- 
lister, J. A. Hrones, L. H. Johnson, J. 
Marin, G. Murphy, M. P. O’Brien, R. L. 
Pigford, D. H. Pletta, R. 8. Poor, J. H. 
Rushton, H. Rouse, T. Saville, H. H. Skill- 
ing, A. F. Spilhaus, R. L. Sweigert, R. B. 
Teare, E. A. Walker, E. Weber, H. E. 
Wessman, C. L. Wilson, A. Wolman, W. R. 
Woolrich, D. Young, A. B. Bronwell. 


George Westinghouse Award: F. B. Seely. 


Chairman, University of Illinois, Urbana, 
Ill.; (1956) Fred Pumphrey, 8. G, § 
liott; (1955) G. W. Gleeson, H. Rous 
(1954) H. P. Hammond, F. B. Seely 
(1953), N. A. Christensen, R. E. Vivian 
H. N. Muller, ex-officio. 


James H. McGraw Award: H. P. Adams 


Chairman, Oklahoma A. & M. College, 
Stillwater, Okla.; (1954) F. E. Almstead 
Maurice Graney, Eugene Rietzke; (195 

M. Ellingson, B. K. Thorogood, A, |, 
Townsend. Ex-officio: FE. Booher, L. F 
Smith, W. R. Woolrich. 


Lamme Award: F. E. Terman, Chairman, 


Stanford University, Stanford, Calif,, 
(1956) George Granger Brown, Jess H 
Davis, J. C. Warner; (1955) J. C. M 
Keon, R. L. Sweigert, F. E. Terman; 
(1954) M. M. Boring, M. P. O’Brien, B 
R. Teare; (1953) N. W. Dougherty, W. kK 
Lewis, K. F. Wendt. 


Financial Policy: F. M. Dawson, Chairman, 


State University of Iowa, Iowa City, Iowa, 
S. C. Hollister, Thorndike Saville, C. L. 
Skelley. 


Membership: W. R. Woolrich, Chairman, 


University of Texas, Austin, Texas. In 
stitutional Chairmen: G. H. Dunstan, W. 
D. McIlvaine, W. 8S. Wilson, M. L. Thorn- 
burg, A. S. Turner, G. F. Branigan, E. D. 
Howe, D. L. Trautman, A. Hansen, C. 0. 
Terwilliger, F. Thomas, C. E. Knott, R. 
J. Smith, J. N. Goodier, W. C. DuVall, 
C. M. Knudsen, T. H. Evans, W. M. 
Richtmann, H. J. Reich, F. L. Castleman, 
L. W. Gleekman, T. J. MacKavanaugh, 
M. A. Mason, L. K. Downing, F. H. 
Pumphrey, C. L. Emerson, J. Hugo John 
son, E. R. Whitehead, F. W. Trezise, RB. 
A. Kliphardt, R. E. Gibbs, 8. H. Pierce, 
D. S. Clark, H. E. Ellithorn, H. A. 
Moench, F. Kerekes, C. J. Posey, T. D. 
Carr, C. S. Crouse, M. G. Northrup, L. J 
Lassalle, G. L. Corrigan, G. G. Hughes, 
L. H. Johnson, A. 8S, Campbell, L. M. 
Kells, A. Wolman, W. J. Huff, G. A. 
Marston, W. T. Alexander, G. M. Fair, 
R. B. Finch, W. E. Farnham, T. #. 
Morgan, B. K. Thorogood, M. N. Arlin, 
E. Boyce, W. P. Godfrey, A. R. Carr, 
J. M. Apple, G. P. Brewington, G. W. 
Swenson, L. L. Henry, C. A. Brown, E. ¥. 
Kemler, H. Flinsch, H. O. Croft, T. W. 
Stallworth, D. S. Eppelsheimer, J. 8. 
Macelwane, L. E. Stout, E. W. Schilling, 
J. R. Van Pelt, R. M. Green, L. E. Seeley, 
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gs. G. Palmer, 8. R. Stearns, R. H. Baker, 
J. A. Bradley, J. L. Potter, K. H. Condit. 
M. E. Farris, R. M. Campbell, W. G. 
Camp, M. A. Thomas, Ernst Weber, N. S. 
Hibshman, F. H. Thomas, J. F. MeManus, 
William Allan, J. R. Ragazzini, E. 8S. Bur- 
dell, H. Torgesen, L. L. Merrill, L. D. 
Conta, H. W. Bibber, R. A. Galbraith, G. 
K. Palsgrove, J. W. Green, E. K. Kray- 
pill, R. E. Fadum, R. M. Dolve, E. L. 
Lium, R. D. Landon, E. H. Gaylord, H. K. 
Justice, G. L. Tuve, J. Arendt, G. M. L. 
Sommerman, R. S. Paffenbarger, J. H. 
selknap, J. H. Parr, J. B. Brandeberry, 
E. F. Dawson, M. R. Lohman, R. L. 
Langenheim, W. F. Engesser, J. J. Kara- 
kash, R. G. Crosen, B. H. Bueffel, H. R. 
Bintzer, C. C. Chamber, J. W. Graham, 
C. H. Ebert, K. L. Holderman, J. D. Me- 
Crum, J. S. Morehouse, T. S. Crawford, 
J. H. Marehant, L. S. LeTellier, J. H. 
Sams, R. L. Sumwalt, H. M. Crothers, 
L. R. Palmerton, R. M. Boarts, F. J. 
Lewis, R. S. Poor, J. A. Focht, H. C. 
Dillingham, S. Thompson, G. 8. Bonn, 
M. L. Ray, D. E. Holeomb, J. E. Chris- 
tiansen, A. L. Taylor, A. F. Tuthill, D. L. 
Snader, J. B. Jones, C. Henderson, R. J. 
Trinkle, R. D. Sloan, F. H. Rhodes, C. H. 
Cather, K. F. Wendt, W. D. Bliss, H. 
Gaudefroy, K. F. Tupper. 

Program: W. R. Woolrich, Chairman, Uni 
versity of Texas, Austin, Texas, Arthur 
S. Adams, H. T. Heald, J. R. Killian. 

Public Relations: L. A. Rose, Chairman, 
University of Illinois, Urbana, IIl., R. G. 
Fiedler, J. I. Mattill, D. W. Miller, Chas. 
Moravec, R. W. Schmelzer, J. G. H. 
Thompson, Ed. Whittlesey. 

Publication: A. B. Bronwell, Chairman, 
Northwestern University, Evanston, IIL, 
S. C. Hollister, C. L. Skelley, James S. 
Thompson, C. E. Watson, W. R. Woolrich. 

Recognition and Incentives for Good 
Teaching: E. R. Stapley, Chairman, Ok- 
lahoma A. & M. College, Stillwater, Okla., 
Ralph Barnes, H. W. Case, G. A. Hawkins, 
P. E. Hemke, Elmer Hutchisson, L. H. 
Johnson, P, Nudd, H. E. Wessman. 

Relations with Federal Government (Co- 
ordinating Committee): Jess Davis, Chair- 
man, Stevens Institute of Technology, 
Hoboken, N. J., Wm. Allan, H. H. Armsby, 
D. 8S. Bridgman, J. H. Lampe, Thorndike 
Saville, L. F. Smith, S. S. Steinberg, E. A. 
Walker, R. J. Woodrow. Ex-officio: W. 
R. Woolrich. 


Sections and Branches: M. M. Boring, 
Chairman, General Electric Company, 
Schenectady, N. Y., Wm. Allan, H. H. 
Armsby, W. P. Godfrey, D. M. Griffith, 
L. D. Jones, E. J. Lindahl, J. R. Lorah, 
C. A. Mockmore, E. F. Obert, G. K. 
Palsgrove, F. H. Pumphrey, N. F. Rode, 
B. L. Wellman, K. F. Wendt, H. H. 
Wheaton, D. G. Wilson. 

Society Functions: B. R. Teare, Chairman, 
Carnegie Institute of Technology, Pitts- 
burgh, Pa., H. H. Armsby, H. W. Barlow, 
S. C. Hollister, K. B. MecEachron, Jr., 
D. H. Pletta, E. A. Walker. 

Teaching Aids Committee: C. W. Muhlen- 
bruch, Chairman, Northwestern Univer- 
sity, Evanston, Ill., F. D. Carvin, J. H. 
Dawson, J. L. Hutchins, R. J. Jeffries, 
W. A. Nielsen. 

Textile Engineering: G. N. Reed, Chairman, 
Lowell Textile Institute, Lowell, Mass., 
l.. B. Coombs, W. D. Fales, R. B. Finch, 
J. E. Foster, L. H. Hance, B. W. Hay- 
ward, D. E. Holeomb, W. C. Knight, 
J. W. McCarty. 

Young Engineering Teachers: Roger W. 
Sampson, Chairman, University of Flor 
ida, Gainesville, Fla.; Vice Chairman 
(Sectional), M. E. Van Valkenburg; Vice 
Chairman (Local), P. Kyburz; Sectional 
Sub-Chairmen: New England—Harold 
ties; Upper New York—Joseph Salerno; 
Middle Atlantic—F. L. Schwartz; Na- 
tional Capital Area—M. S. Ojalvo; Alle- 
gheny—D. Van Meter; Ohio—R. T. Howe; 
Michigan—M. Ducody; Illinois-Indiana 
—C. E. Work; North Midwest—S. S. 
Johnson; Missouri—W. M. Sangster; 
Kansas-Nebraska—E. B. Meier, Southeast 
ern—H. A. Owen, Jr., Merl Baker; South 
western—R. D. Slonneger; Pacifie South- 
west—C. L. Sonneschein; Rocky Mountain 
—R. E. Leffel; Pacific Northwest—S. A. 
Duran, T. M. Stout. Advisors: D. Traut- 
man, L. W. Gleekman. 

Representatives of the Society on Various 
Committees, Boards, and Commissions: 
American Association for the Advance- 

ment of Science: 

Representatives to Council: I. P. Orens, 
W. R. Woolrich. 

Cooperative Committee on Teaching of 
Science and Mathematies: M. O. 
Schmidt, C. E. Watson. 

American Council on Education: H. T. 
Heald, S. C. Hollister (1955); H. 8S. 
Rogers, Thorndike Saville (1954); A. 
B. Bronwell, F. L. Hovde (1953). 
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American Society of Civil Engineers— 
Joint Committee on Advancement of 
Sanitary Engineering: Rolf Eljassen, J. 
C. Dietz, G. H. Dunstan, J. E. Kiker, Jr. 

American Standards Association: 
Y1—Abbreviations: H. C. T. Eggers, 

H. Porsch. 

Y1i0—Symbols and Abbreviations: W. 

A. Lewis, Chairman, T. C. Hanson, 
P. J. Kiefer, W. B. Plank, M. C. 
Stuart, C. C. Whipple. 

Sub-Committee 2Z10.4-1943—Letter 
Symbols for Heat and Thermody- 
namics: B. E. Short, H. L. Sol- 
berg, M. C. Stuart. 

Yi4—Drawings and Drafting Room 
Practice: H. C. Spencer, Chairman, 
F. G. Higbee, R. P. Hoelscher, W. J. 
Luzadder, R. S. Paffenbarger, C. L. 
Svenson, C, J. Vierck. 

Y15—Graphic Presentation: R. S. Paf- 
fenbarger, Chairman, D. P. Adams, 
A. S. Levens, R. O. Loving. 

Y32—Graphical Symbols and Draw- 
ings: I. L. Hill, Chairman, J. G. 
McGuire, R. T. Northrup. 

A62—Coordination of Dimensions of 
Building Materials and Equipment: 
R. A. Caughey. 

C61—Electric and Magnetic Magni- 
tudes and Units: Harold Pender, C. 
V. O. Terwilliger, C. F. Rehberg. 


Charles A. Coffin Fellowships and Re. 
search Committee: W. R. Woolrich 
Council: N. W. Dougherty, Chair, 

Educational Testing Service—Advisory 
H. R. Beatty, J. F. Calvert, W. R. w, 
rich, ex-ofticio. 

Engineers’ Council for Professional De. 
velopment: H. L. Hazen (Oct. 1955 . 
H. T. Heald (Oct. 1954); T. S. Saville 
(Oct. 1953). 

Engineers Joint Council: 

Engineering Manpower Commission: 
H. H. Armsby, D. 8. Bridgman, S. ¢ 
Hollister (William Allan and M, My. 
Boring, alternates). 

General Survey Committee: M. M. 
Boring. 

International Relations Committee: 
L. J. Lassalle, 8. 8. Steinberg. 

Unity in the Engineering Profession 
Committee: Thorndike Saville. 

National Bureau of Engineering Regis. 
tration: C. L. Eckel. 

National Research Council: G. A. Rosse 
lot. 

National Science Foundation—Commit- 
tee on International Exchange of Stu- 
dents: S. S. Steinberg. 

National Science Teachers Association— 
Future Scientists and Engineers of 
America: H. R. Beatty. 


DIVISIONS, 1952-53 


Aeronautical: K. E. Smith, Chairman, Uni- 
versity of Detroit; A. J. Fairbanks, Vice 
Chairman; L. Z. Seltzer, Secretary; H. 
W. Barlow, Member of Council, 1953. 

Agricultural: O. C. French, Chairman, Cor- 
nell University; R. H. Driftmier, Vice 
Chairman, F. B. Lanahan, Secretary; O. 
C. French, Member of Council, 1954. 

Architectural: P. E. Soneson, Chairman, 
Purdue University; J. E. Varga, Vice 
Chairman ; W. W. Dornberger, Member of 
Council, 1954. 

Chemical: N. H. Ceaglske, Chairman, Uni- 
versity of Minnesota; R. K. Toner, Vice 
Chairman; R. W. Moulton, Secretary; A. 
H. Cooper, Editor; R. M. Boarts, Member 
of Council, 1953. 

Civil Engineering: F. W. Stubbs, Jr., 
Chairman, Purdue University; A. J. Me- 
Nair, Vice Chairman; W. J. Eney, Secre- 
tary; M. B. Scott, Zditor, CE Bulletin; 
Directors: C. L. Barker, J. W. Hubler, 
R. L. Peurifoy; E. H. Gaylord, Member 
of Council, 1954. 


Cooperative Engineering Education: H. ( 
Messinger, Chairman, Univ. of Cincinnati; 
M. Robinson, Vice Chairman ; W. Thomas, 
Secretary; D. C. Hunt, Member of Coun 
cil, 1953. 

Educational Methods: A. P. Colburn, 
Chairman, University of Delaware; R. L 
Sweigert, Vice Chairman; E. Kraybill, 
Secretary; L. M. K. Boelter, Member at 
Large; H. Beatty, Member of Council, 
1954. 

Electrical: H. E. Hartig, Chairman, Univ 
of Minnesota; L. V. Bewley, Vice Chair 
man; J. N. Thurston, Secretary; T. H 
Morgan, Member of Council, 1953. 

Engineering Drawing: J. J. Gerardi, Chair 
man, Univ. of Detroit; R. T. Northrup, 
Vice Chairman; J. G. MeGuire, Secretary: 
Executive Committee: R. P. Hoelscher, ©. 
Springer; Wm. Street, C. E. Rowe, H. E. 
Grant, J. S. Rising; W. J. Luzadder, 
Editor, J. M. Russ, Editor, T. Square; 
E. M. Griswold, Circulation Manager; 
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R. 8. Paffenbarger, Member of Council, 
954. 

ante A. M. Fountain, Chairman, North 
Carolina State College; C. R. Davis, Vice 
Chairman, W. M. Keck, Secretary; C. A. 
Brown, Member of Council, 1953. 

Evening Engineering Education: R. W. 
Van Houten, Chairman, Newark College 
of Engineering; W. D. MelIlvaine, Jr., 
Vice Chairman; C. E. Schaffner, Secre- 
tary; 8. E. Winston, Member of Council, 
1953. 

Graduate Studies: N. A. Christensen, 
Chairman, Corneli University; H. L. 
Hazen, Vice Chairman; R. G. Folsom, 
Secretary; Executive Committee: G. B. 
Hoadley, H. E. Wessman, D. F. Peterson, 
J. H. Rushton, E. M. Williams, C. O. 
Harris; E. Weber, Member of Council, 
1954. 

Humanistic-Social Division: D. G. Stillman, 
Chairman, Clarkson College; S. P. Olm- 
sted, Vice Chairman; S. Chapman, Mem- 
ber of Council, 1953. 

Industrial Engineering: W. G. Ireson, 
Chairman, Stanford University; F. F. 
Groseclose, Vice Chairman; B. H. Norem, 
Secretary; B. H. Norem, Editor; J. M. 


Apple, Member of Council, 1954. 


Mathematics: C. V. Newsom, Chairman, 
State Education Dept., Albany, N. Y.; 
J. H. Zant, Secretary ; J. H. Zant, Editor ; 
Executive Committee: H. M. Gehman, W. 
H. Krathwohl, C. R. Wylie; F. H. Miller, 
Member of Council, 1953. 


Mechanical Engineering: E. L. Midgette, 
Chairman, Brooklyn Polytechnic Institute ; 
E. E. Ambrosius, Vice Chairman; I. W. 
Smith, Secretary; K. P. Hanson, Editor, 
Heat Power; L. F. Kreisle, Editor, Ma- 
chine Design and Manufacturing; H. 
Kuenzel, Member of Council, 1954. 

Mechanics: D. H. Pletta, Chairman, Vir- 
ginia Polytechnic Institute; G. Murphy, 
Editor; Executive Committee: W. B. 
Stiles, H. R. Lissner, W. M. Lansford, 
R. G. Sturm, A. L. Miller, G. Murphy, 
J. Marin, F. L. Singer, D. H. Pletta; 
C. O. Harris, Member of Council, 1953. 

Mineral Education Engineering: J. R. Cud- 
worth, Chairman, University of Alabama, 
W. J. Rundle, Vice Chairman; Wm. Ched- 
sey, Secretary; C. Wilson, Member of 
Council, 1954. 

Physics: G. P. Brewington, Chairman, Law 
rence Institute of Technology; R. Seeger, 
Vice Chairman; George Burnham, Secre- 
tary; E. Hutchisson, Member of Council, 
1953. 

Relations with Industry: G. D. Lobingier, 
Chairman, Westinghouse Electrie Corp., 
East Pittsburgh, Penna.; J. A. Gammell, 
Vice Chairman, G. K. Dreher, Secretary ; 
K. B. MeEachron, Jr., Member of Coun- 
cil, 1953. 

Technical Institute: L. F. Smith, Chairman, 
Rochester Institute of Technology; L. 
Rouillion, Vice Chairman; K. Werwath, 
Secretary; H. P. Adams, Member of 
Council, 1953. 


SECTIONS, 1952-53 


Allegheny: C. H. Cather, Chairman, Univer- 
sity of West Virginia; I. W. Short, Vice 
Chairman; A. L. Reed, Secretary; D. M. 
Griffith, Member of Council, 1953. 

Illinois-Indiana: H. A. Moench, Chairman; 
Rose Polytechnic Institute, R. G. Owens, 
Vice Chairman; O. M. Knudsen, Secre- 
tary; Executive Committee: I. P. Hooper, 
L. D. Groves, G. V. Muller, D. H. Dahl- 
strom, F. I. Fiesenheiser, M. S. Peters; 
E. F. Obert, Member of Council, 1954. 

Kansas-Nebraska: M. A. Durland, Chair- 
man, Kansas State College; L. O. Hanson, 
Vice Chairman; A. R. LeGault, Secretary ; 
D. G. Wilson, Member of Council, 1953. 

Michigan: C. C. Winn, Chairman, Detroit 
Institute of Technology, F. L. Schwartz, 
Vice Chairman; C. C. Sigerfoos, Secre- 
tary; Executive Committee: L. R. Baker, 
G. P. Brewington, A. L. Hellwarth; W. P. 
Godfrey, Member of Council, 1954. 


Middle Atlantic: W. B. Plank, Chairman, 
Lafayette College; A. W. Luce, Vice 
Chairman; H. S. Bueche, Secretary; Wm. 
Allan, Member of Council, 1953. 

Missouri: G. F. Branigan, Chairman, Univ. 
of Arkansas; F. H. Conrad, Vice Chair- 
man; R. C. Johnson, Secretary; J. R. 
Lorah, Member of Council, 1953. 

National Capital Area: L. K. Downing, 
Chairman ; C. H. Walther, Vice Chairman ; 
D. C. Jackson, Jr., Secretary; H. H. 
Armsby, Member of Council, 1954. 

New England: E. T. Donovan, Chairman ; 
Univ. of New Hampshire; E. F. Littleton, 
Secretary; B. L. Wellman, Member of 
Council, 1953. 

North Midwest: S. J. Chamberlin, Chair- 
man, Iowa State College; A. B. Drought, 
Vice Chairman; Wm. C. Alsmeyer, Secre- 
tary; Executive Committee: E. P. Wieden- 
hoefer, A. B. Cambel, C. O. Anderson, 
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W. H. Gamble, M. H. Chedrick, O. W. 
Potter, T. J. Higgins; K. F. Wendt, 
Member of Council, 1954. 

Ohio: H. K. Justice, Chairman, Univ. of 
Cincinnati; E. O. Seott & N. D. Thomas, 
Vice Chairmen; K. F. Sibila, Secretary ; 
L. D. Jones, Member of Council, 1953. 

Pacific Northwest: J. P. Spielman, Chair 
man, Washington State College, R. K. 
Reynolds, Vice Chairmen; L. D. Luck, 
Secretary; C. A. Mockmore, Member of 
Council, 1954. 

Pacific Southwest: C. E. Cherry, Chairman, 
College of Marin; C. E. Knott, Vice 
Chairman; J. B. Franzini, Secretary; H. 
H. Wheaton, Member of Council, 1953. 


Rocky Mountain: C. A. Hutchinson, Chai; 
man, Univ. of Colorado; A. Diefendorf 
Vice Chairman; K. H. Stahl, Seer tary: 
E. J. Lindahl, Member of Council, 1954 

Southeastern: D. V. Terrell, Chairmay 
Univ. of Kentucky; J. R. Cudworth, 7 
Chairman ; B. M. Bayer, Secretary; }, \j 
Pumphrey, Member of Council, 1953, 

Southwestern: M. L. Ray, Chairman, Uni, 
of Houston, J. J. Heimerich, Vice Chair 
man; T. T. Castonguay, Secretary; N, } 
Rode, Member of Council, 1954. 

Upper New York: R. M. Campbell, Chair 
man, Alfred University; B. H. Norem 
Vice Chairman; A. D. Taylor, Secretary: 
G. K. Palsgrove, Member of Council, 1954, 


BRANCHES, 1952-53 


Alabama (University): G. C. K. Johnson, 
Chairman, Herbert Kuenzel, Vice Chair- 
man, J. A. Bennett, Secretary-Treasurer. 

Arizona: C. H. Handforth, Chairman, H. A. 
Marcoux, Vice Chairman, Martin Hoch- 
dorf, Secretary. 

Bucknell: Hugh D. Sims, Chairman, Robert 
Slonaker, Secretary-Treasurer. 

Case: R. C. Putnam, Chairman, W. R. Mere- 
dith, Vice Chairman, D. M. Rein, Secre- 
tary-Treasurer. ; 

Colorado A. & M. College: C. C. Britton, 
Chairman, H. H. Schweizer, Vice Chair- 
man, H. B. Mummert, Secretary-Treasurer. 

Colorado (University): W. F. Boore, Jr., 
Chairman, W. J. Hanna, Secretary. 

Colorado School of Mines: G. W. LeMaire, 
Chairman, F. K. Sabott, Vice Chairman, 
M. C. Smith, Secretary-Treasurer. 

Detroit: Guido Ferrara, Chairman, Louis 8S. 
Clock, Vice Chairman, Kenneth Smith, 
Secretary. 

Florida: John E. Kiker, Chairman, F. H. 
Pumphrey, Vice Chairman, R. J. Cum- 
mings, Secretary. 

Lafayette: L. J. Conover, Chairman, G. W. 
Courtney, Vice Chairman, T. R. Blakeslee, 
Secretary. 

Maine: E. F. Thode, Chairman, F. J. Sulli- 
van, Vice Chairman, W. W. Turner, Sec- 
retary. 

Michigan College of M. & T.: E. P. Wieden- 
hoefer, Chairman, C. C. Aird, Vice Chair- 
man, P. I. Koski, Secretary. 


Michigan State College: R. J. Jeffries 
Chairman, Robert L. Sweet, Vice Chair 
man, Frank C. Flory, Secretary, Donald 
A. Bergh, Treasurer. 

Minnesota: H. D. Myers, Chairman, (. E 
Lund, Program Committee Chairman, Pau) 
Cartwright, Secretary, R. L. Dowdell, 
Treasurer. 

Newark College of Engineering: I. N 
Entwisle, Chairman, 

Secretary. 

North Carolina State College: W. F. Ba! 
cock, Chairman, D. S. Arnold, Vice Chair 
man, J. K. Whitfield, Recording Secretary 
Lodwick Hartley, Corresponding Secré 
tary. 

Northeastern: O. F. Cushman, Chairman, 
J. J. Devine, Secretary. 

Pennsylvania State College: V. E. Neilly, 
Chairman, J. H. Moore, Secretary-Treas- 
urer. 

University of Tennessee: C. A. Newton 
Chairman, H. J. Garber, Secretary-Treas 
urer. 

Texas A. & M. College: N. F. Rode, Chair 
man, B. F. K. Mullins, Vice Chairman, 
E. 8. Holdredge, Secretary. 

Tufts College: E. F. Littleton, Chairman, 
D. A. Fisher, Secretary. 

State College of Washington: Harry Stern, 
Chairman, A, B. Caseman, Vice Cha 
J. H. Johnson, Secretary-Treasurer. 

University of Washington: F. D. Robbins, 
Chairman, J. B. Morrison, Secretary. 


TECHNICAL INSTITUTE BRANCHES, 1952-53 


Milwaukee School of Engineering: Fred Kaufmann, Chairman, Richard Ungrodt, Vice 
Chairman, Rudolph Sundstrom, Secretary-Treasurer. 





AWARDS 
LAMME MEDAL 


The Lamme Award consists of a gold medal and bronze replica bestowed annually upon 
q distinguished engineering educator for excellence in teaching and contributions to the art 
of teaching; contributions to research and technical literature; achievements which con- 
tribute to the advancement of the profession; and engineering administration. The Lamme 
trust fund was established in memory of Benjamin Garver Lamme. 


RECIPIENTS OF LAMME MEDAL 


1998—GrorGE Finumore Swain, Professor of Civil Engineering, Harvard University. 
1999—Irvina Porter CuurcH, Emeritus Professor of Applied Mechanics and Hydraulics, 
Cornell University. 

1930-—-CHARLES FELTON Scort, Professor of Electrical Engineering, Yale University. 

1981—Dva@aLp CALEB JAcKSON, Professor of Electric Power Production and Distribution, in 
charge, Dept., Electrical Engineering, Massachusetts Institute of Technology. 

ArtHuR NeEweEL, Tasot, Professor of Municipal and Sanitary Engineering, Emeri- 
tus, University of Illinois. 

DextTeR SIMPSON KIMBALL, Professor Emeritus of Industrial Engineering, Dean, 
College of Engineering, Cornell University. 

Epwarp Rose Maurer, Professor of Mechanics, University of Wisconsin. 

35—WILLIAM ELGIN WICKENDEN, President, Case School of Applied Science. 
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1933 


1934 


1936—HERMAN SCHNEIDER, Dean, University of Cincinnati. 

1937—FREDERICK EUGENE TURNEAURE, Dean, University of Wisconsin. 

1938—Ropert LEMUVEL Sackett, Dean, Pennsylvania State College. 

1939—STEPHEN P. TIMOSHENKO, Professor of Theoretical and Applied Mechanics, Stanford 
University. 

1940—AnprEY A. Potrer, Dean, Schools of Engineering, Purdue University. 

1941—ANSON MARSTON, Dean Emeritus of Engineering, Emeritus, Iowa State College. 

1942—Roy ANDREW SEATON, Dean Emeritus, Division of Engineering, Kansas State Col 

lege; Director, E. S. M. W. T., U. S. Office of Education. 

1943—THOMAS EwiInG Frencn, Professor of Engineering Drawing, 
State University. 

1944—Harpy Cross, Professor and Chairman, Dept. of Civil Engineering, Yale University. 

1945—-HARRY PARKER HAMMOND, Dean Emeritus, School of Engineering, The Pennsylvania 
State College. 

1946—Ropert E. Donerry, President, Carnegie Institute of Technology. 

1947—WarrEN K. Lewis, Professor of Chemical Engineering, Massachusetts Institute of 
Technology. 

1948—-ALEXANDER G. CHRISTIE, Professor Emeritus of Mechanical Engineering, Johns 
Hopkins University. 

1949—KarL TAyLon Compton, President Emeritus, Chairman of Corporation, Massachusetts 
Institute of Technology. 

1950—FreD B. See.y, Professor of Theoretical and Applied Mechanics, University of Illi- 
nois. 

1951—ALLAN R. CuLLimore, President Emeritus, Newark College of Engineering. 

1952—Sotomon Capy HouusTer, Dean of Engineering, Cornell University. 


Emeritus, The Ohio 





AWARDS 


THE GEORGE WESTINGHOUSE AWARD 


The George Westinghouse Award was established by the Westinghouse Educationa| 
Foundation in 1946 as an annual Award to young engineering teachers of outstanding ability 
to recognize and encourage their contributions to the improvement of teaching methods fo; 
engineering students. 


RECIPIENTS OF THE GEORGE WESTINGHOUSE AWARD 


1946—-J AMES NORMAN GoopiER, Professor of Mechanics, Cornell University. 

1947—BENJAMIN R. TERE, JR., Buhl Professor and Head, Dept. of Electrical Engineering, 
Carnegie Institute of Technology. 

1948—HunTER Roussg, Professor and Director, Institute of Hydraulic Research, State Uni 
versity of Iowa. 

1949—JosEPH MARIN, Professor of Engineering Mechanics, Pennsylvania State College. 

1950—Ro.r ELiassEN, Professor of Sanitary Engineering, Massachusetts Institute of Tech 
nology. 

1951—GLENN Murpay, Professor of Theoretical and Applied Mechanics, Iowa State College. 

1952—Gorpon S. Brown, Professor and Head of Electrical Engineering, Massachusetts 
Institute of Technology. 


JAMES H. McGRAW AWARD 


The James H. MeGraw Award in Technical Institute Education is awarded annually 
for the purpose of recognizing and encouraging outstanding contributions to technical insti- 
tute education. The Award consists of the sum of $500.00 and an engraved certificate 
provided by the McGraw-Hill Book Company in memory of James H. McGraw, Sr. Nomi 
nees are expected to have displayed unusual competence in one or more of the following 
activities related to technical institute education: instruetion, publication, administration, 
and other appropriate contributions. 


1950—Harry P. HAMMOND, Dean of Engineering, Pennsylvania State College. 
1951—RosertT Hoover Spanr, Administrative Chairman, General Motors Institute. 
1952—ArTHUR LYMAN WILLISTON, Principal (retired), Wentworth Institute. 





Do You Know That— 


p President Woolrich represented the 
ASEE at a European Conference on En- 
gineering Education held in London dur- 
ing the week of January 19-23. The 
Conference was also attended by delegates 
from Belgium, Denmark, France, Ger- 
many, Holland, Italy, Norway, Sweden, 
Switzerland, and the United Kingdom. 
Dean Saville and Col. L. F. Grant repre- 
sented the ECPD at this conference. A 
report on the conference will be presented 
at the Annual Meeting at Gainesville. 
Several European representatives have 
expressed a desire to form a society for 
engineering education similar to ASEE. 


p> From Dr. L. E. Grinter, Chairman 
of the Committee on Evaluation of Engi- 
neering Education, comes the report that 
the Committee has held three meetings in 
its comprehensive investigation of the or- 
ganization, curricular content, and teach- 
ing methods of engineering education. A 
large number of engineering colleges have 
appointed local committees to cooperate 
with the ASEE Committee in studying 
various phases of this program. A con- 
tribution of $3,000 has been received from 
the Engineering Foundation for this 
project and additional funds have been 
pledged by the Engineering Societies mak- 
ing up the Engineers’ Council for Pro- 
fessional Development. 


» A conference was arranged by the 
ECAC with administrative officials of the 
Mutual Security Agency (MSA) and 
the Technical Cooperation Administration 
(TCA) to diseuss the government’s for- 
eign assistance programs in the fields of 
technological education and research. As 
a means of furthering this constructive 
relationship, both MSA and TCA have 
asked ASEE to appoint an Advisory 
Committee to assist them in future plan- 
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ning. Dr. Ralph Morgen, Program Di- 
rector for Engineering of the National 
Science Foundation, is Chairman of the 
newly appointed Advisory Committee. 


B® The Report of the Committee on Im- 
provement of Teaching has received high 
commendation not only from members of 
the Society, but also from many leading 
organizations and individuals outside the 
ASEE. Over 10,000 copies have been 
sent to engineering colleges for distribu- 
tion to faculty members. The second 
printing of this report is nearly gone. 
Price, 15¢ per copy for less than 100 or 
$8.00 per hundred. 


B® A project of considerable signifi- 
cance to engineering education is the pro- 
gram of the Teaching Aids Committee. 
This Committee is reviewing Teaching 
Aids in the fields of Civil Engineering, 
Electrical Engineering, Mechanical Engi- 
neering, Mechanics, Physies, and Mathe- 
maties. Carl Muhlenbruch, Chairman, 
says that the bulletin listing Teaching 
Aids of acceptable quality for engineer- 
ing instruction will be available about the 
time of the Annual Meeting in June. 


B The ASEE has joined the Engineers’ 
Joint Council under the Council’s new 
plan of expansion to unify the engineer- 
ing profession. Dean Saville will serve 
as the Society’s first representative. He 
was elected as Vice President of EJC at 
the organizational meeting, January 23. 


B& The Paper Contest announced earlier 
this year for Youag Engineering Teach- 
ers has received the enthusiastic approval 
of the younger faculty members through- 
out the country. The awards of $200 and 
$100 for the two winning papers will be 
presented at the Annual Banquet of the 
Society at Gainesville, Florida. 
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B® Dean C. J. Freund, Chairman of the 
ASEE Committee on Promotion of Ethi- 
eal Standards, is conducting a study to 
determine the extent to which ethical con- 
cepts of the profession have been assimi- 
lated into engineering education. A pre- 
liminary report will be presented at the 
Annual Meeting of the Society. 


®& Did you notice that this issue of the 
Journal contains the first advertisements 
of teaching positions in engineering col- 
leges and technical institutes? This is a 
new service to the individual membership 
of the Society as well as to institutional 
members. It is hoped that these adver- 
tisements might serve not only to place 
teachers in positions commensurate with 
their interests and abilities, but also to 
entice capable scientists and engineers 
from industry into the teaching profes- 
sion, thus reversing the recent trends. 


B® Dean Lampe, Vice-President of 
ASEE, arranged several conferences be- 
tween ECAC and ROTC officials last Fall 
to clarify matters of ROTC policy. This 
resulted in an official statement of policy 
by the Airforce ROTC and clarification 
of Army policy. Dean Lampe also states 
that the ECAC Committee on Secondary 
Schools is making significant progress in 
bringing divergent views to bear upon the 
problem of High School-College articula- 
tion. 


®& Mr. D. Bridgman, Chairman of the 
ECAC Manpower Committee, will pre- 
sent an overall analysis of the manpower 
situation which will consider the effects 
of increased ROTC quotas, increased Se- 
lective Service calls, ete. A problem of 
grave concern is the prospect of vanish- 
ing graduate enrollments, resulting from 
the combined effects of ROTC and Selec- 
tive Service. 


B® The ECAC Committee on Interna- 
tional Relations will hold a conference 
and a dinner meeting at the Annual Meet- 
ing of the Society. Invitations are being 
sent to educators in all foreign lands out- 
side the Iron Curtain. 


DID YOU KNOW THAT— 


B® Vice-President Eric Walker yoy; 
that the ECRC’s new Directory of (yp. 
rent Research will be available before the 
Annual Meeting in June. This year the 
ECRC will invite Associate Institutiona| 
Members to participate in its activities a: 
the Annual Meeting in Gainesville. 

B& The ECRC Committee on Relations 
with the Federal Government, Dr. R. J 
Woodrow, Chairman, has done yeoman 
service in keeping deans of engincering 
colleges and directors of research jp. 
formed on current research policies ar 
practices of the government. 


& The Relations With Industry Divi 
sion held its semi-annual meeting at 
Northwestern University, with an attend- 
ance of over 300 industrial representatives 
and educators on January 31. An out 
standing program dealing with the recog 
nition and encouragement of potentia 
engineering talent in high schools, tli 
better utilization of engineering man 
power, personal motivations in industry, 
and the continued learning processes of 
the engineer after graduation, made this 
meeting an outstanding occasion. 


B& The Engineering Drawing Division 
held a highly successful Mid-Winter Meet- 
ing January 29-31 at the University ot 
Nebraska. Papers dealt with the oppor- 
tunities and responsibilities of drawing 
departments, manufacturing and design 
problems, and other subjects of interest 
to drawing teachers. 


B The Cooperative Engineering Edu 
cation Division held its Mid-Winter Meet 
ing at Fenn College, January 22-23. 
Its “Work-Shop” program consisting 0! 
round-table discussions on administrative 
problems and operational techniques is 4 
highly constructive feature of the Mid- 
Winter Meetings. 


& The Industrial Engineering Division 
of ASEE is planning a summer school to 
precede the Annual Meeting at aines- 
ville. A stimulating and constructive pro- 
gram which will appeal to all industri! 
engineering teachers is being planned. 





DID YOU KNOW THAT— 


p Also, the General Electric Company, 
in cooperation with the Educational Meth- 
ods Division of the Society, will again 
sponsor a summer school, presenting some 
of the material of the advanced engineer- 
ing program. This summer school was 
highly commended by those who attended 
last year. 

p Vice-President W. C. White has an- 
nounced that preliminary returns on the 
Conference Programs for the Annual 
Meeting at the University of Florida are 
highly encouraging. The Divisions and 
Committees of the Society have selected 
program material and speakers which as- 
sure a vigorous and constructive approach 
io the many challenging problems in engi- 
neering education. 


p> The ECRC will have a General Ses- 
sion around the theme “Encouragement 
of Fundamental Research as an Aid to 
Education in Engineering,” with nation- 
ally prominent speakers. . . . The other 
General Sessions will also be on subjects 
of vital interest to the membership, and 
will have speakers of national distinction. 
... A unique feature of the Annual 
Meeting will be a General Session on 
Monday afternoon dealing with the prin- 
cipal ASEE projects now in progress. 
This will include an open-forum discus- 
sion to bring the membership into more 
active participation in the constructive 
work of the Society. . . . The Engineer- 
ing Economy Division has arranged a 
program containing a number of leading 
economists in industry on subjects of sig- 
nificance to all engineering educators. . . . 
The Mathematics Division has arranged to 
have Dr. Curtiss of the National Bureau 
of Standards, a nationally recognized au- 
thority, present several lectures on Eleec- 
tronie Digital Computers. . . . The Atomic 
Energy Committee is again holding a eon- 
ference on Atomic Energy Education, a 
repeat on last year’s highly successful con- 
ference. . . » More on the Annual Meet- 
ing program in the April issue. 
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®& The local planning committee at the 
University of Florida is doing a splendid 
job in arranging for facilities and recre- 
ational plans for the Annual Meeting. 
They assure us that they have complete 
control of the weather in June! 


B® Vice-President Boring reports that 
most of the Section Meetings have had 
larger attendance than any previous meet- 
ings and that the programs have been 
pointed at issues of vital current interest 
to engineering educators. Most of the 
Sections have taken active steps to bring 
younger faculty members into participa- 
tion in Society functions—a prime objec- 
tive of the Society. 


®& A salute to the excellent work of the 
ASEE Divisions which publish their own 
quarterly or semi-annual publications— 
the Civil Engineering Bulletin, Journal of 
Engineering Drawing, Machine Design 
Bulletin, Heat Power News, and Chemical 
Engineering Abstracts. These are self- 
financing projects which perform a dis- 
tinguished service in engineering educa- 
tion. 


®& Did you notice the new advertising 
in the Journal? Professor Watson, our 
new Assistant Secretary, estimates the 
inereased revenue to exceed $3000. 


B® Two new active committees, not pre- 
viously mentioned, which were appointed 
this year, are the Committee on Recogni- 
tion and Incentives for Engineering Edu- 
cation, with Dean E. R. Stapley as Chair- 
man, and the Committee on Improvement 
of Society Functions, with Dean B. R. 
Teare, Chairman. 

B® The Fall Meetings of the ECRC, 
ECAC, and General Council will be held 
in conjunction with the Annual Meeting 
of ECPD at the Statler Hotel, New York, 
October 15-17, 1953. 


B® Will see you at Gainesville, 


ARTHUR BRONWELL, 
Secretary 





The Nation's Florida—Everybody’s Playground 


ASEE Annual Meeting, June 22-26, 1953, University 
of Florida, Gainesville, Florida 


By HAROLD COLEE 


FLORIDA belongs to the nation . 


The French have a saying, “Everybody 
has two countries—his own and France.” 
Its popularity as a mecca for tourists has 
been achieved by the psychology of that 
kind of thinking. France surrenders to 
the invasion of its cosmopolitan visitors 
with a fine Gallic sense of values. 

Floridians, too, might well say, “Every- 
one is a citizen of two states—his own 
and Florida,” .. . for Florida truly be- 
longs to the nation, and to everybody in 
it. Indeed, it is fast assuming the pro- 
portions of an international resort area, 
welcoming in ever-increasing numbers 
Canadians and Latin-Americans. 

Florida is a national asset—without 
peer. 

Can you imagine America without it? 

Picture, if you can, the southeast corner 
of the United States neatly carved off at 
a point somewhere north of Jacksonville, 
curving gently into the northern shoreline 
of the Gulf of Mexico, with the lush, sub- 
tropical peninsula only a misty mirage 
against the merging blues of the southern 
horizon. 

No Florida? What would our nation 
be without it—except, possibly, a bless- 
ing to cartographers who seem reluctant 
to map Florida in one piece and without 
confusing mutilation. Florida is a united 
state, as we boasted in the war year of 
1941, and we like to see it united geo- 
graphically as a bountiful nature con- 
ceived and formed it. Surely, it is God’s 
gift to the American people, and to the 
peoples of all the Americas. 
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. and to everyone in it. 


teologists are not precisely agreed on 
the period of Florida’s existence, but 
we like to think of it as being blue- 
printed from the very beginning by the 
Creator; for surely, the mind of man 
could not conceive it, much as he seeks 
now to improve it. Geologists do know 
that Florida was here in the Pleistocene 
Age from the ancient rock foundation 
and its gentle steppes of alluvial deposits 
—as opposed to the theory of sands piled 
up on fragile coral reefs. No, Florida is 
the handiwork of the Great Architect, 
built solidly on the rock of ages to last 
forever, that untold future generations 
might, too, enjoy its myriad blessings. 

Physically, some see Florida as a taper- 
ing finger curving gracefully into the 
tropical Gulf, pointing southward as a 
silent invitation to its northern friends 
and neighbors. Florida is inviting, but we 
in the Florida State Chamber of Cow- 
merce like to visualize it as a horn of 
plenty—a giant cornucopia swinging up- 
ward into the broad, open expanse of its 
northern borders, from which flows the 
rich bounty of its farms, groves, mines 
and forests. 


Citrus Industry 


Gushing forth is a veritable Niagara of 
golden, health-giving citrus (119 million 
boxes last year valued at $190 million), a 
torrent of rich green winter vegetables 
and other crops of farm and grove; 4 
bountiful flow of forest products: pulp, 
paper and kraft board ...a_ silver 
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stream of phosphate (70% of the world’s 
total) .. . of limerock and other min- 


erals ... and the abundant harvest of 


the sea. 
These products of Florida plus an 


expanding variety of manufactured goods, 
ranging from native handcraft to elee- 
tronics, offer ample evidence of the state’s 
balanced economy, of year-round employ- 
ment and growing payrolls. 

Productivity is high because of the 
healthful, energizing climate; and ab- 
senteeism due to inclement weather, dan- 
gerous driving conditions and the common 
cold, is almost unknown. 

Florida is a working state, but its 
greateset claim to fame and largest source 
of income lies in its incomparable charm 
as “Vacation-land, U. S. A.” 

Claim to this tile is due primarily to 
its unique geographical position between 
the 3lst and 24th parallels, north lati- 
tude. We are not, however, technically 
within the tropies, being one hundred 
miles north of the Tropie of Cancer. The 
southern tip of Florida is nearer the 
equator than any other portion of conti- 
nental United States. Miami is 500 miles 
south of San Diego, California. In this 
insular position between the broad ex- 
panse of the Atlantic and broad reaches 
of the Gulf of Mexico, Florida is bathed 
with cool trade winds in summer and 
warm breezes in winter, tempering the 
extremes at all times. 

Another Florida “believe-it-or-not” is: 
although an Eastern seaboard state, 
Florida’s northern metropolis, Jackson- 
ville, is directly beneath Cleveland and 
Pensacola below Chicago. A line drawn 
from Maine’s northeast coastline would 
run 837 miles east of Jacksonville. All 
of South America lies east of Florida. 
Thus, Florida properly belongs in the 
Central Time Zone, but except for Pensa- 
cola, we set our clocks with those of the 
East. 

South of the so-called Deep South, 
Florida is populated largely by North- 
erners and natives of other states, and 
the weleomed invasion of new citizens has 


continued for the past ten or fifteen years 
at the rate of a thousand a week. 


Latin-American Trade and Culture 


Florida, too, is near more foreign na- 
tions than any other state, and virtually 
is in the center of the Americas, whose 
peoples visit here in mounting numbers. 
Latin-American trade and culture has 
been developed to such a degree that 
Spanish is now being taught in the ele- 
mentary schools of Dade (Miami) and 
Hillsborough (Tampa) counties. A $40 
million Inter-American Cultural and 
Trade Center will soon be under con- 
struction in Miami to strengthen and 
encourage this good neighbor policy. As 
a result, the southern peninsula is acquir- 
ing a cosmopolitan air and succeeding 
generations will, in all probability, be- 
come bi-lingual, speaking Spanish or 
Portuguese as well as English. 

Florida is big. The tapering formation 
of the peninsula deceptively belies its true 
expansiveness—54,262 square land miles, 
comparable in area to Iowa or Michigan 
and a trifle larger than New York State. 
Motorists are sometimes amazed to learn 
508 miles separate Jacksonville from Key 
West—834 miles between Key West and 
Pensacola; and Pensacola is due west 
from Jacksonville a distance of 370 miles; 
and across the state from Miami to 
Tampa, 260 miles. 


“Vacationland” 


All of Florida is “vacationland,” offer- 
ing varied charm ranging from the quaint 
old-south complexion of the northwest 
counties to the Spanish atmosphere of 
Tampa and Key West, and the sub- 
tropical glamour of the famous Gold 
Coast. Depending upon individual pref- 
erence, one will find tourist accommoda- 
tions to fit everyone’s vacation budget. 

Florida is host to the nation, last year 
providing for 4,800,000 visitors and from 
whom was derived the immense sum of 
$840,000,000. Where did these people 
come from? Nearly half of them came 
from nearby Southeastern states; nearly 
20 per cent from Middle Atlantic states 
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(New York, New Jersey, Pennsylvania) ; 
16 per cent came from Ohio, Indiana, 
Illinois, Michigan and Wisconsin; and 
between three and four per cent each 
from New England, the Southwest, North 
Central Pacific Coast and Latin-America. 
Canada and other foreign nations were 
represented by half of one per cent. 
Citizens from every state in the union 
and possessions were registered last year 
in Florida hotels. 

Modes of travel differed but it is esti- 
mated that nearly half of the visitors 
traveled by automobile. Twenty-four per 
cent, or 1,152,000 came by train; 19 per 
cent, or 912,000 by bus; and eight per 
cent, or 384,000 by plane. 

. . » Where do these vast numbers of 
folks stay? ... How are they housed? 
... fed? ... entertained? It is a large 
order, but Florida is geared to it and is 
constantly expanding its facilities to meet 
the increased demand. 

More than 30,000 hotels, apartment and 
rooming houses, motels and cottage colo- 
nies provide some 575,000 rooms for our 
visitors; while 13,000 restaurants can seat 
at one time about 600,000 persons. The 
daily food consumption would feed an 
army, and much of it is raised within the 
state from our own farms, groves and 
cattle ranges. Catering to the needs, 
comfort and entertainment of our guests 
are thousands of cooks, waitresses and 
other service people imbued with the tra- 
ditions of southern courtesy whose wel- 
come is always friendly and whose fare- 
well is the invariable admonition, “Come 
back and see us, he-ah?” 

Yes, Florida extends a warm welcome 
to its visitors in keeping with its cli- 
mate. Typical Northerners, on their first 
visit, find it hard to realize that the de- 
lightfully balmy air of a warm June night 
ean prevail such a few short air miles 
from freezing temperatures and knee- 
deep snow. They marvel at the rich 
green foliage, the vivid coloring of tropi- 
eal flowers blooming in profusion through 
the midwinter months. 

The clear blue of the Florida sky 
banked with billowing white clouds, the 
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star-lit night and brilliant moonlight , 
are revelations in natural beauty to the 
new visitor. But who has not seen and 
enjoyed these familiar Florida scences? 
Despite the millions who have come here 
and the thousands of newcomers at. 
tracted each year, new generations will 
continue to come and marvel to the end 
of time. 


Summer Vacation Spot 


When it’s June in January many ney 
visitors ask, “What must it be like in 
July and August?” A logical process of 
reasoning leads to the belief that the 
weather must naturally become increas 
ingly warmer through the spring and 
summer; but this is not true—as millions 
of summer vacationers have happily 
learned. Paradoxically, “fabulous Flor- 
ida” is warm in winter, cool in summer 
. .. like the ancient fable of the man 
who blew to warm his hands and blew 
again to cool his soup. Florida winds 
do both. 

Have you ever seen newsphotos otf 
Floridians sleeping on fire escapes or in 
public parks to avoid the heat? Have 
you ever heard of sunstroke or heat pros- 
tration in Florida cities? No, never, be- 
eause the Peninsula State is air-condi- 
tioned by nature; and the system never 
fails. Summer nights are cool following 
the hottest day. 

Occasionally sumer heat waves from 
the North and West penetrate into the 
Florida peninsula, as do nation-deep cold 
fronts of winter; but when it is un- 
comfortably warm here, it is invariably 
warmer there, and when it is chilly here, 
it is much colder there. This statement 
ean be verified in the weather report in 
your daily newspapers. 

Known the world over as a delightful 
winter resort, Florida is becoming equally 
famed as a summer vacation-land with 
an increasing number of visitors arriving 
during July and August. Last year 
nearly 1,500,000 tourists came here in mid- 
summer to enjoy themselves for rest, 
recreation and physical refreshment. 

The summer season offers many more 
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Florida’s 3,800 square miles of inland water makes an ideal playground for the small 
boat owner and ardent fisherman. Bass, bream and crappie fishing will reach the peak in 


Florida during the winter months. 


attractions, much more in the way of 
sports and entertainment and at a con- 
siderably less cost than at the peak of the 
winter season. The beaches of Florida’s 
nearly 2000 mile salt-water shoreline are 
at their best, crowded with carefree va- 
eationers from sun-up until dark. Fish- 
ing is also at its peak in summer months 
in some 30,000 fresh water lakes and 
rivers, as well as for deep-sea angling 
and the popular surf-casting. Recreation 
centers, resorts and attractions are 
erowded with vacationers. All Florida 
seems to take on a carnival air in sum- 
mertime as thousands of pleasure-loving 
Floridians join their visitors in enjoying 
themselves in the great out-of-doors. 
Seasonal fluctuations are less notice- 
able in recent years, and spring and fall 
vacations are growing in popularity. 
Autumn holds special appeal for the 
hunter aware of the variety of game 
birds and other wildlife with which Florida 
abounds. The early flights of waterfowl 
and other migrant game birds provide 


good shooting and limit bags for visiting 
nimrods. Many others come to this state 
before the advent of wintry weather and 
to avoid the chill gray days of October 
and November. They have learned, too, 
that the early visitor finds a better choice 
of accommodations and that seasonal res- 
ervations are usually more economical. 

Easter vacation periods bring an in- 
flux of families during the school holidays 
as a preview of summer and to break the 
monotony of prolonged northern winters. 
In fact, the Florida tourist season seems 
to continue uninterruptedly around the 
calendar. Each year the so-called winter 
season seems to start earlier and last 
longer; while summer business is begin- 
ning to show signs of extending from 
Spring to Fall. 


Where to Go and What to Do 


Whatever the season, newcomers are 
often perplexed as to where to go and 
what to do. If they have written the 
State Advertising Commission, the State 
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Chamber or local chambers of commerce 
for literature, they are probably over- 
whelmed with the multiple attractions de- 
scribed on the East Coast and Central 
Florida and in the historical Northwest. 
Truly, one section of the state seems to 
offer more attraction than another—even 
discounting the usual superlatives of 
travel folder descriptions. Much depends 
on your tastes. 

Season visitors to the West Coast look 
down their noses at East Coast devotees 
—and vice versa. Big city fans who 
enjoy metropolitan attractions cannot un- 
derstand people who “bury themselves” 
in small interior towns. South Florida 
regulars scoff at those who prefer North 
Florida areas, and so it goes ad infinitum. 
Personal preferences, happily, distribute 
the millions of visitors fairly evenly 
throughout the state, according to indi- 
vidual tastes. 

The State Chamber, like a doting father 
with many children, has no favorites, 
recognizing in each section of the state 
certain regional advantages and few, if 
any, faults. However, the visitor able 
to do so should try to see all Florida 
before deciding definitely where to stay. 
This is especially desirable when contem- 
plating permanent residence here. 

Throughout the state, vacationers will 
find an unbelievable variety of interesting 
things to see and do. For the nature 
lover, Florida can offer some of the most 
beautiful sub-tropical scenery in the 
world—glistening beaches, graceful palms, 
gay exotic flowers, bright clear skies and 
sparkling waters. 

From the beaches of either coast it is 
but a few minutes drive to the great 
stretches of state parks where nature, 
untouched, offers scenes of primitive 
grandeur. More than 30,000 named lakes, 
and streams provide unparalleled fishing 
and boating. No matter what season of 
the year, you will find a great variety of 
things to see and do. Sports fans will 
find the season full with major events: 
regattas, racing, rodeos, golf and tennis 
tournaments, swimming meets and major 
league baseball games. Florida’s pageants 
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and festivals are world famous, and ryp 
through the calendar in various parts of 
the state. Attendance at such festivities 
is not costly and many of them are free. 


Motor Trips 


A motorist approaching along the At. 
lantic coast will find numerous interesting 
spots and stops: Fernandina, site of some 
of Florida’s most colorful history; Jack- 
sonville, northern metropolis; St. Augus- 
tine, America’s oldest city, with its ancient 
Spanish fort and historical building, its 
alligator and ostrich farms, and museums; 
Marineland with its trained porpoises and 
vast display of live marine life; Daytona 
Beach, where auto and motorcycle races 
are run on the broad smooth sands; 
numerous lovely tropical gardens; beauti- 
ful beach resorts, the Palm Beaches and 
the Gold Coast’s famed Miami area cities 
and suburbs, offering inexhaustible sources 
of interest and enjoyment. 

One of the most unusual motoring trips 
is that from Miami to Key West over 
122 miles of the famed Overseas High- 
way. This roadway, which is actually a 
series of bridges from key to key, passes 
over more water than land on its course 
to Key West. There is excellent fishing 
along the way, and many places for 
pleasant stopovers while enjoying the 
journey. Unusual food is available in 
this section: turtle steaks, conch chowders, 
and lime pies being among the favorites 
of theepicure. The lower keys are steeped 
in legends of lost Spanish gold, and 
buried pirate loot. The Spanish Flotilla, 
the Great Treasure Fleet of the Con- 
quistadores, had ships wrecked on the 
ragged reefs of these waters. Millions in 
gold were reputed to have been lost and 
the seagoing hijackers of a later period 
are believed to have cached much booty 
on lonely little keys now crossed by the 
unique motor seaway. 


Everglades National Park 


One of the most unusual attractions in 
America is the Everglades National Park. 
This vast wildlife sanctuary can be 
reached via U. S. Highway 1 south to 
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MraMI Beach, Fla.—Palms, sea, and sand, 
along with the famous Florida sun make this 
fabulous beach a Mecca for winter and 
summer visitors. 


Homestead where well-marked trails lead 
the visitor to the numerous points where 
there are nature walks. In winter it is 
possible to observe much of the park’s 
native wildlife—alligators, egrets, water 
turkeys, wood ibis, pelicans, deer and 
other game. The jungle-like, subtropical 
vegetation holds great fascination for the 
visitor; such trees as the gumbo-limbo, 
paradise tree, and strangler fig; and wild 
orchids and native ferns which abound in 
this natural setting. Audubon Wildlife 
tours are conducted from Miami to the 
park during the winter season, and bus 
lines include a portion of the park in 
special tours. 

Crossing the state from Miami to the 
Gulf Coast along the Tamiami Trail, the 
traveler passes through Everglades 
country. On either side of the highway 
is a great sea of saw grass and palmetto. 
A short way off the highway, the interior 
will often reward the nature lover with 
a view of rare flowers and tropical birds. 
Arriving at Fort Myers, once the winter 
home of Thomas A. Edison, one finds a 


beautiful city celebrated also for its sports 
fishing. A visit to Edison Gardens is a 
pleasant interlude, featuring unusual 


Lake WaLEs, Fla.—Florida’s Singing 
Tower is a memorial to Edward W. Bok, 
noted journalist and Nobel Prize winner. 
The area surrounding the tower is a bird 
sanctuary and garden. The tower’s carillon 
of 71 bells is played for concerts during the 
winter season. 
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tropical plants collected from the faraway 
tropics by Mr. Edison himself. 

Sarasota, winter home of the great 
Ringling Brothers circus, is also the site 
of the Ringling home and Museum of 
Art, the latter willed to the State of 
Florida by the late John Ringling. In 
this central Gulf section, facing each 
other across the bay, are two of Florida’s 
most charming vacation cities, St. Peters- 
burg, and Tampa. Northward from this 
point stretch miles of unspoiled native 
scenery. 

The visitor will not wish to miss the 
central section of the peninsula. Here 
in the rolling hills are miles of sweet- 
scented citrus groves, packing houses and 
processing plants. Miles of rich pasture 
land support Florida’s huge cattle in- 
dustry, famous for its humped-back 
Brahman crossbreeds, truck farming and 
dairy business. 


The Central Interior 


In the central interior of the Ridge 
Section may be found delightful scenic 
splendor and attractions, including the 
Bok Tower at Lake Wales. The 71-bell 
carillon presents concerts through the 
winter season. Within the same area is 
a new attraction, The Great Masterpiece, 
a huge mosaic reproduction of Leonardo 
da Vinci’s magnificient painting, The Last 
Supper. Cypress Gardens at Winter 
Haven puts on breath-taking water ski 
shows daily in a beautiful setting of 
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tropical shrubs and colorful flowers know; 
as a photographer’s paradise. 

The motorist driving northward throug), 
the center of the state will be richly ye. 
warded with visits to the central metrop- 
olis of Orlando; Sanford on beautify! 
Lake Monroe; and on up the St. John’s 
riverlands to DeLand, home of Stetson 
University; to Ocala and famous Silver 
Springs; to Gainesville made great by the 
great University of Florida, and on to 
Tallahassee, State Capital and home of 
Florida State University and Florida 
A. & M. Other fine institutions of higher 
learning are the University of Miamo and 
the University of Tampa, Rollins College 
at Winter Park, Southern College at Lake. 
land and several junior colleges and pri- 
vate schools. Florida takes its education 
seriously and is expanding its facilities 
to meet the demands of its mounting 
population and out-of-state students. 

Florida, with all its advantages, holds 
magnetic attraction for old and young: 
for the scholar, the sportsman, the motor 
ist, the businessman, farmer and those of 
the professions, offering almost unlimited 
opportunities in multiple fields of en- 
deavor plus the advantages of favorable 
tax laws, friendly to business enterprise 
with the added bonus of what we believe 
is the world’s best and most equitable 
climate. Native Floridians feel it is 
simply too good not to be shared with 
others. That is why we call it “The Na- 
tion’s Florida.” 


Third International Conference on Soil 
Mechanics and Foundation Engineering 


The Third International Conference on 
Soil Mechanics and Foundation Engineer- 
ing will be held in Switzerland this sum- 
mer. The first part will take place in 
Zurich on August 16-21 and the second 
part, August 22-25, includes a four days’ 
tour through Switzerland to afford the 
opportunity to see not only points of in- 


terest for geotechnical and foundation en- 
gineering, but also something of the coun- 
try’s natural beauty. The final session 
will convene on August 26 at Lausanne on 
Lake Geneva. All correspondence rela- 
tive to the Conference should be addr ssed 
to Dr. A. von Moos, General Secretary, 
Gloriastr. 39, Zurich 6, Switzerland. 





Thoughts on Contemporary Problems* 


By JOHN SLOAN DICKEY 
President of Dartmouth College 


President Dickey extended a cordial 
welcome to the members of the ASEE 
and said that he wished to speak for a 
few minutes about “the purpose of higher 
education and the reconciliation of what 
we are pleased to call the liberating arts 
and the technical, professional studies 
with which you are primarily concerned.” 

Mr. Dickey stated that his predecessors 
had dedicated Dartmouth to the proposi- 
tion that its ultimate obligation is to hu- 
man society. Mr. Dickey said if the ulti- 
mate obligation of the liberal arts college 
is to serve human society, the college must 
look out into that society and ask what 
is the central need of that society today. 

“The central need of human society to- 
day is to bring into better balance the 
utter physical power which we now 
possess and the moral and political con- 
trols of that power. For the layman 
this need ean be emphasized by consider- 
ing that since 1900 the destructive power 
in the hands of men has increased by 
something like four million times. How 
much have we increased our moral and 
political controls over the use of such 
power since 1900? We need better bal- 
ance between physical power and _ its 
moral and political controls. We are not 
confronted with the problem of discover- 
ing some new moral, political, economic or 
social truth. Indeed, if that were the 
case, the time factor is such that we had 
better just relax and have as comfortable 
a time as we ean until this thing blows 
up.” 

*A report of informal remarks delivered 


before the ASEE in Hanover, New Hamp- 
shire, June 25, 1952. 


“The central factor in the problem of 
getting this better balance is the time 
factor. The history of the human race 
indicates that, given time, men have been 
able to develop the moral and political 
controls necessary to the power that they 
possessed at any particular moment in 
history—whether the power was repre- 
sented by slings, bows and arrows, gun- 
powder, or the six-shooter on the fron- 
tier.” 

Mr. Dickey suggested, however, that it 
is just possible “we have turned one of 
those few right angle corners in human 
affairs.” He said, “Now, for the first 
time, men and nations have the power 
which can make their mistakes and their 
evil complete and irretrievable as far as 
this particular industrial civilization is 
concerned.” If this is true, he said, then 
we can no longer rely on the proposition 
that time cures all things. 

Speaking once more of the central need 
of society in relation to the purpose of 
the liberal arts college, Mr. Dickey said 
that men working in education must 
cling to the idea that the time factor in 
human affairs is not absolute and has 
never been absolute. “The time factor in 
human affairs is relative to the will and 
the capacity of men to serve the public 
good regardless of how they serve their 
own individual welfare. The liberal arts 
college is concerned more than any other 
institution of higher education with de- 
veloping both the will and the capacity to 
serve the public good. The combination 
of will and capacity is the essence of 
leadership. Whenever your business, 
whenever your profession, whenever a 
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nation or any other human group has 
had a tough, large, seemingly insoluble 
problem, at the core of which was a time 
factor of urgency, the one thing that 
human experience indicates could be 
turned to is this thing which we call 
leadership. The principal historical justi- 
fication for leadership is its utility in 
countering the time factor in human af- 
fairs.” 


In conclusion Mr. Dickey emphasize; 
the importance of developing man’s ¢. 
pacity for action. The will is useles 
without the capacity—“only as men se 
a way to do things can they sustain the 
will to do them. I suggest to you,” }y 
said, “that there’s no profession more 
concerned than engineering in this indys. 
trial society with supplying the capacity 
for action.” 


Intensive Course in Automatic Control 


The University of Michigan College of 
Engineering has announced two Intensive 
Courses in Automatic Control. The first 
is scheduled for June 15 to 20, 1953, in- 


elusive, and the second for June 22 to 


25, 1953, inclusive. The courses are in- 
tended for engineers who find it necessary 
or who wish to obtain a basic understand- 
ing of the field, but who cannot spare 
more than a few days for this purpose. 
The purpose of the course is to make it 
easier to learn by a coherent presentation 
of the fundamentals of modern automatic 
control and by providing a comprehensive 
set of notes to serve as a framework for 
further study. 

The courses are built around the prin- 
ciples and application of measurement, 


communication and control. Course I 
will consist of the fundamentals in each 
of these fields and will include some fun- 
damental work in non-linear systems. 
Course II will take up applications of 
the fundamentals to more advanced prob- 
lems. There will be four hours of lecture 
each morning and three hours of demon- 
stration in the afternoon. Extensive use 
will be made of computing, instrumenta- 
tion and servo laboratories on the campus. 
The role of analog computing methods 
will be emphasized. 

Further information may be obtained 
by writing to Professor M. H. Nichols, 
Room 1523, East Engineering Building, 
University of Michigan, Ann Arbor, 
Michigan. April 15, 1953 is the closing 
date for registration. 
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The Air Research and Development Program *i 


By COLONEL O. G. HAYWOOD, JR. 


U. S. Air Force 


| appreciate this opportunity to present 
to the American Society for Engineering 
Education the broad aspects of the sci- 
entific program of the Air Research and 
Development Command, and to cover 
views of the Air Force as to its expected 
impact on university teaching and re- 
search. 

The Air Research and Development 
Command is a relatively young organiza- 
tion. Top Air Force officials have long 
recognized the need for effective coordina- 
tion and administration of the Air Force’s 
far flung and widely-varied research and 
development activities. Three years ago, 
a special committee was appointed to 
study this problem. The committee was 
composed of university and industrial 
leaders, under the chairmanship of Dr. 
Louis N. Ridenour, then Dean of the 
Graduate School, University of Illinois. 
The Ridenour Committee recommended 
separation of research and development 
activities from materiel procurement—in 
other words, separation of responsibility 
for the quality of Air Force materiel 
from responsibility for the quantity pro- 
eured. This concept was accepted by the 
Air Force, the Air Research and Develop- 
ment Command was established, existing 
research and development facilities and 
projects were assigned to it, and the 
command became operational as a major 


* An address to the American Society for 
Engineering Education, at Dartmouth Uni- 
versity, June 24, 1952. 

+ Provisions for support of publication of 
results of Government sponsored research 
were eliminated by the Congress before en- 
acting HR 1180 as PL 557. 


Air Force Command a year ago this 
Spring. 

Many of you are intimately familiar 
with Air Force installations which have 
been consolidated to establish the Air 
Research and Development Command. 
Under the Headquarters of the Command, 
at Baltimore, Maryland, are eight field 
commands called Centers: The Wright 
Air Development Center, at Dayton, Ohio; 
Cambridge Research Center at Cam- 
bridge, Mass.; Rome Air Development 
Center, Rome, N. Y.; Arnold Engineering 
Development Center, Tullahoma, Tenn.; 
Flight Test Center, Edwards, California; 
Missile Test Center, at Cocoa, Florida and 
Alamogordo, N. M.; Armament Center, 
Eglin Air Force Base, Florida; and the 
Special Weapons Center at Albuquerque, 
N. M. 

I would like to emphasize that, with a 
few exceptions such as certain studies in 
the bio-sciences at the School of Aviation 
Medicine, all research and development 
activities of the Air Force are under the 
command control of the Headquarters of 
the Air Research and Development Com- 
mand at Baltimore. The entire program 
is prepared as a single, coordinated docu- 
ment, by personnel familiar with indus- 
trial engineering and research, university 
facilities and talents, and the Air Force’s 
own laboratories. 

The details of the program must re- 
main secret, for obvious security reasons, 
and would be too complex for presenta- 
tion here in any ease. A few statistics 
on the general program may be of inter- 
est. The appropriation bill now before 
the Congress provides for direct research 
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and development costs, in Air Force lab- 
oratories and by contract to other insti- 
tutions, of approximately $600 million. 


Allocation of Funds 


A relatively small portion of this total 
is devoted to improvement of equipment 
and systems in the active inventory—our 
aircraft in operation in Korea; ground 
handling equipment; the multitude of 
items from blouses to B-36’s which con- 
stitute Air Force materiel. 

The bulk of the funds go into develop- 
ment of equipment and components which 
are combined into weapons and weapon 
systems to satisfy a specific operational 
requirement. For those not familiar with 
the term “weapons system,” I might cite 
an example: a night jet interceptor com- 
plete with all its instruments, ordnance, 
fire controls, communications, and radar, 
together with the ground-handling equip- 
ment to keep it airborne and the ground 
electronic equipment to find the enemy 
and vector the interceptor into contact. 
The core of the program is oriented to- 
ward the requirements of weapons sys- 
tems. The weapons systems match the 
operational responsibilities of the Air 
Force. The requirements of each system 
are determined from a weighted evalua- 
tion and judgment between the technical 
quality desirable for superiority over 
probable enemy weapons and the quality 
possible within the funds and time avail- 
able. 

A much smaller portion of the total 
funds is reserved for supporting research 
and development—the development of a 
new vacuum tube, or a better propeller, 
or a superior fuel. 

Finally, a still smaller portion, actu- 
ally about two per cent of the total, is 
devoted to basie research—fundamental 
investigations in those fields of the mathe- 
matical, physical, earth, and life sciences 
upon which rest our whole Air Force tech- 
nology. 

Going back to this figure of $600 million 
for research and development, we may 
break it down another way. Roughly, 10 
per cent goes for direct costs of research 
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and development laboratories of the Ajr 
Force, about the same amount goes to 
universities, and the remaining 80 per 
cent goes principally to industry. By 
direct costs of Air Force laboratories, ] 
mean scientific equipment; laboratory 
supplies; and salaries of scientific, tech. 
nical, administrative, and maintenance 
civilian personnel engaged in actual lab. 
oratory operations. Other costs of the 
laboratories are covered by other funds. 

A portion of the 80 per cent going to 
industry is subcontracted to universities 
Obviously such funds are almost entirely 
for applied research in furtherance of 
industrial requirements generated by Air 
Force contracts. The contract policies 
are established by the industrial concerns 
involved, and are not different from in- 
dustrial-university relationships that have 
existed for years, except that the amount 
of money involved is greater than, say, 
twelve years ago before the Second World 
War. 

About 10 per cent of the total research 
and development funds reach universities 
under direct contracts from Air Research 
and Development Command laboratories 
and offices. At the present time, obliga- 
tions under active contracts with uni- 
versities and university-affiliated research 
institutions total more than $120 million. 
The current annual level of support is 
approximately half this amount. The 
program covers a broad cross-section of 
American universities. It includes 107 
universities in 33 states, the District of 
Columbia, Alaska, and Puerto Rico. 

$120 million is a good deal of money, 
even to the Air Force. It is a good deal 
more to the universities. The Steelman 
Report to the President, Science and Pub- 
lie Policy, estimates that the total national 
research and development budget in 1930 
amounted to $166 million. By national 
is meant not national government, but 
all expenditures within the nation—in 
government laboratories, in industrial lab- 
oratories, in universities. The national 
research total budget in 1930 is not 
greatly in excess of what the Air Force 
alone now has under obligation to uni- 
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versities. It is decidedly appropriate 
that both the universities and the Air 
Foree study the impact of such work on 
the normal research and teaching activi- 
ties of our universities, and take action 
to mitigate undesirable consequences. 
Last November, the Air Research and 
Development Command established at 
Command Headquarters an Office of Sci- 
entifie Research. I have been the Chief 
of this Office since it was organized, re- 
porting directly to Lieutenant General 
Partridge, Commanding General of the 
Air Research and Development Command. 


Need for Basic Research is 
Recognized 

This Office was established in recog- 
nition that air superiority in the future 
is dependent upon adequate basic research 
in the present. The needs of national 
defense have created the present situation 
in which research and development ex- 
penditures of the national government ex- 
ceed those of all of the rest of the U. S. 
economy combined. Government pro- 


grams dominate, or at least greatly in- 
fluence, the structure of the entire na- 


tional research effort. In the past, the 
Air Foree has concerned itself primarily 
with application of known scientific laws 
and principles to the technology of air 
warfare. It has built upon the existing 
foundation of basic scientific knowledge, 
it has depended on the universities to 
strengthen and expand this foundation. 
In the future, the Air Force must give 
more active support to basic research in 
those fields of science which provide the 
base for Air Force technology. This is the 
mission of my Office. 

We approach this mission in two ways. 
First, we exercise general supervision over 
the basic research programs of all of the 
Centers. Second, we support directly a 
modest program of basic research in uni- 
versities. (Perhaps I should define our 
meaning of the term “basic research.” 
By basie research, we mean fundamental 
investigations which are supported be- 
cause of their probable contribution to 
advancement of scientifie knowledge when 
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we have no specifie Air Force problem 
or application in mind.) 

There are many reasons why govern- 
ment funds should be made available in 
these times for support of basic research in 
universities. There is only one reason, 
however, why Air Force funds can and will 
be so used. The support of basic research 
in fields of science of interest to the Air 
Force is consistent with and in furtherance 
of the purpose for which the funds are ap- 
propriated to the Air Foree—to develop 
and maintain qualitatively superior air 
power. If I may use the words of an 
almost antiquated economic theory, it is 
in the enlightened self-interest of the 
Air Foree to support basic research in 
universities. 

Let us return now to the university 
program as a whole and look at the effect 
on the universities. Of the present total 
of $120 million, slightly over half is 
classified work. However, three-fourths 
of the classified work is in six institutions, 
which have established contract research 
affiliates or separate projects so that the 
classified work does not intermingle with 
the academic teaching load. 

About $55 million supports unclassified 
research in universities. Between one- 
third and one-half of this could be con- 
sidered basic research, from the Air Force 
point of view and definition of the term. 
This portion of the program should be 
definitely beneficial to the universities, 
since it is simply adding to the type of 
research which is historically a role of 
universities and an essential adjunct to 
education at the graduate level. 

A sample survey of basic research con- 
tracts indicates that each $100 thousand 
of Air Force funds supports in salaries 
four part-time predoctoral students, one 
full-time predoctoral research worker, 
two part or full-time postdoctoral work- 
ers, as well as part-time support of fac- 
ulty members. 

The number of predoctoral students 
receiving part-time Air Force support 
while pursuing graduate studies is con- 
siderably in excess of the 569 predoctoral 
students in the FY ’53 fellowship program 
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of the National Science Foundation. The 
Air Force as a matter of policy encour- 
ages participation of graduate students 
on a part-time basis in Air Force basic 
research contracts. 


Support Training of Graduate 
Students 


Here again, this interest in supporting 
training of graduate students in the en- 
lightened self-interest of the Air Force. 
These personnel are required for the effec- 
tive prosecution of the research projects. 
Moreover, expanding the pool of trained 
scientific manpower in fields of science 
supporting the Air Force is strengthening 
the Air Force of the future. Few of 
these men will come into actual Air Force 
employment. It directly helps the Air 
Force, however, when these young scien- 
tists enter into industrial projects or uni- 
versity research for the Air Force, or 
simply join the pool of trained scientific 
manpower making other individuals avail- 
able for Air Force-sponsored work. 

The Air Force naturally expects to re- 
ceive a portion of the university output 
of technical personnel. Approximately 
450 second lieutenants will enter the Air 
Research and Development Command this 
June from university ROTC units. About 
two-thirds of these young lieutenants 
have scientific or engineering degrees. 
Judging from past experience, a few 
graduate students, including those who 
have been aided in their education by 
part-time employment on Air Force con- 
tracts, will accept commissions in the Air 
Force. A larger group will be required 
for civilian positions with Air Force lab- 
oratories. The Air Research and De- 
velopment Command is planning a modest 
increase in requirements for civilian tech- 
nical personnel over the next two years, 
of the order of 5 per cent each year. It 
anticipates no undue difficulty in meeting 
this requirement, although it would ap- 
preciate any assistance you gentlemen as 
educators can give in aequainting stu- 
dents with Air Force manpower needs. 
Incidentally, the Air Research and “De- 
velopment Command has just completed 
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a brochure outlining the job opportunitie. 
with the command for technical personne! 
Copies of this brochure will be mailed t) 
universities within the next month. 

In addition to payment of student and 
research workers’ salaries, Air Force cop. 
tracts finance research facilities, equip- 
ment, and supplies which are often of 
value in connection with university edu. 
cational programs and would not other. 
wise be available. Finally, the part-time 
employment of faculty members, either 
in research projects, particularly during 
the summer months, or as consultants on 
research programs, adds to the emoluments 
of such personnel and helps to close the 
gap between the salary scales of universi- 
ties and industry. I recognize that this 
last statement is applicable in varying 
degrees to different universities, is some- 
what controversial, and is a matter for 
policy determination by the universities 
rather than the Air Force. 

In keeping with standard university 
practices, the Air Force encourages pub- 
lication of papers on its unelassified proj- 
ects, and on classified projects to the ex- 
tent permitted by security considerations. 
As Faraday said, there are three stages 
to research: to begin it, to complete it, 
and to publish it. Under government 
regulations, the Air Force must have a 
report on a research project before it can 
authorize final payment. However, in the 
interest of dissemination of scientific 
knowledge, and frankly to encourage 
better-written reports, the Air Force ac- 
cepts in lieu of the final report, a copy 
of a manuscript covering the work which 
has been presented to a professional jour- 
nal. I might add that the Air Force at 
the present time does not have authority 
to support such publication in technical 
journals. The Air Force is actively sup- 
porting HR 1180, a bill passed by the 
House and currently awaiting action in 
the Senate which would permit among 
other things support of publication ot 
research results. 

I have commented at some length on 
what the Air Force is doing to provide 
a more ‘effective partnership with uni- 
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versities. I do not mean to imply, how- 
ever, that we consider our part done or 
even well underway. We intend to con- 
tinue study of this problem of strength- 
ening the universities as research and edu- 
eational institutions while we strengthen 
the Air Force as a fighting machine. For 
increased effectiveness in this Air Force- 
university relationship, we will unques- 
tionably need inereased participation of 
university personnel in planning and in 
management of the university program of 
the Air Research and Development Com- 
mand. 

I might add for the benefit of those not 
closely associated with the Air Force pro- 
gram that the Air Force has enjoyed for 
years the active assistance of university 
personnel. I have already mentioned that 
the Air Research and Development Com- 
mand had its genesis in the report of a 
committee headed by Dr. Ridenour, then 
of the University of Illinois. Several 
other university personnel served on this 
committee, including Mr. Ray Woodrow 
who will preside at this afternoon’s ses- 
sion on “Trials and Tribulations in Uni- 
versity-Government Contract Procedures.” 
My office has been aided in getting under- 
way by the Panel on Physical Sciences 
of our Air Force Scientifie Advisory 
Board. This panel, headed by Dr. George 
Kistiakowsky, Professor of Organic Chem- 
istry at Harvard University, advises on 
the broad aspects of our program of 
basie research. Dr. Francis H. Clauser, 
Professor of Aeronautical Engineering at 
the Johns-Hopkins University, has associ- 
ated himself closely with the office on a 
part-time basis, as my senior scientific ad- 
visor. Dr. Paul Flory of Cornell Uni- 


Jil 


versity is chairman of our Chemistry Ad- 
visory Committee. We are in the process 
of establishing similar committees for the 
other fields of science in which the Office 
of Scientific Research has comprehensive 
programs. 


Active University Participation 


I emphasize this active university par- 
ticipation in the formation of the Air 
Research and Development Command, and 


‘in the current activities of my Office, 


in the hope that many of you gentlemen 
will also be willing to contribute actively 
to the Air Force program. We must ree- 
ognize that the universities of the Nation 
have become as essential to the Air Force 
research and development programs as 
Air Force operated laboratories. Re- 
search requires stability. This is a major 
problem in government-sponsored uni- 
versity research. Obtaining this neces- 
sary stability requires study and action 
by both the Air Force and the universities. 

Three years ago, a faculty committee of 
the Massachusetts Institute of Technology 
completed an educational survey. The 
report starts with these words: “Final 
reports are the traditional monuments to 
the labors of committees, and too often 
serve only as a burying ground for ideas.” 
In conclusion, I quote these words and 
express the hope that the ideas generated 
here today may bear fruit in more effee- 
tive Air Force-university relations. The 
research requirements of the Air Force 
aud the research and educational goals 
of the universities must be attained in 
harmony, not in conflict. We ask your 
active help toward this end, in our inter- 
est and in yours. 





New and Specialized Laboratories of the 
Department of the Army* 


By MAJOR GENERAL K. D. NICHOLS 
Chief of Research and Development, Office of Chief of Staff, U. 8S. Army 


It is indeed a pleasure to participate 
in this Panel discussion of “The Impact 
of Government Sponsored Laboratories 
on University Teaching and Research.” 
The particular subject that has been as- 
signed to me is “New and Specialized 
Laboratories of the Department of the 
Army.” In assigning this subject your 
Executive Committee assured me that the 
title was broad enough to permit the 
widest of latitude in my comments. So, 
with that leeway, I would like to precede 
any discussion of new laboratories with 
a more general discussion of what we are 
trying to accomplish in the Army Re- 
search and Development Program. 

The objective of our Army Research 
and Development Program is to exploit 
all avenues of modern technology to 
achieve the highest possible effectiveness 
for our ground forces, always keeping in 
mind that we have a paramount require- 
ment that this effectiveness must be ob- 
tained with a minimum drain on our 
national resources. Our application of 
modern technology to war is not limited 
to the development of better equipment 
but we are also applying modern technical 
methods of analysis and research to de- 
termining the best way to utilize our 
equipment and manpower. Our efforts 
are being devoted to determining how we 
ean accomplish the Army’s mission with 
the minimum losses and at the minimum 
cost in dollars, talent and material. 

* (Discussion at the Annual Meeting of 
the Engineering College Research Council of 
the American Society for Engineering Edu- 
cation at Dartmouth College, June 24, 1952.) 
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Two of the primary problems involyed 
are how do we reduce our losses and 
how do we make up for our deficiencies 
in manpower in facing Communist hordes 
by equipping our manpower with the most 
effective equipment and determining the 
best doctrine and techniques for its use, 
To achieve a reduction of losses is a real 
challenge to the military and to the tech- 
nicians in finding ways and means of put 
ting the Army on a par with the Navy 
and the Air Force. Analysis of losses in 
the last war and in the present fighting 
in Korea reveals that the ground soldie: 
suffers some 80-90% of the total casual- 
ties. 

As a result of this challenge, the Seere- 
tary of the Army and the Chief of Staff 
have been devoting a great part of their 
effort to insure that the Army Research 
and Development Program is given the 
proper emphasis. As an aid to insure 
proper emphasis. research and develop- 
ment in the Army was recently reorgan- 
ized to place the Chief of Research and 
Development at high enough level in the 
Army organization to have direct access 
to the Deputy Chiefs of Staff, the Vice 
Chief of Staff, the Chief of Staff, and the 
Secretarial level of the Army. In addi- 
tion, all parts of the General Staff are 
actively participating in the Research ani 
Development Program. In addition to 
hardware research which remains with 
the Technical Services, greater emphasis 
is being given to operational research, re- 
search for development of new techniques, 
and basie research. 

This reorganization is continuing down 
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into the Army Field Forces where we are 
planning to set up a development organi- 
zation for testing new weapons and de- 
veloping new techniques and doctrines, as 
well as establishing a special weapons 
command for solving in the most ex- 
peditious manner the training, tactical 
and doctrinal problems related to Army 
use of atomic weapons and guided mis- 
siles. 

Another objective of the Research and 
Development reorganization was to insure 
closer liaison between strategic planning 
and research and development. This is a 
two-way proposition. We must not only 


insure that our strategic plans for the 
future recognize the possibilities of our 
Research and Development Program but 
at the same time we must adjust and 
orient our Research and Development 
Program to be in accord with our stra- 
tegie planning. 


Utilization of all Talents Available in 
Primary Problem 


In our efforts to achieve the most effi- 
cient weapons and techniques for using 
them, we recognize that one of our pri- 
mary problems is how do we combine 
and utilize to best advantage all the tal- 
ents available to us. In the development 
of a new weapon the optimum weapon is 
achieved when we utilize to best ad- 
vantage the talent, experience and know- 
how that are available in the Army Field 
Forces which is the ultimate user, the 
Army Technical Services, industry and 
universities. No one of these groups by 
itself ean achieve the best weapons nor 
can any one of these groups dictate what 
is the best weapon or the best way to use 
it. Like so many other things in life, 
accomplishment here rests on making the 
user, the Technical Services, industry and 
academic technicians work together as a 
team. 

The variety of laboratories that the 
Army has and is building and the variety 
of our contracts illustrate that there is 
no one best way to achieve this optimum 
blending of talents. The procedures best 
suited for developing a rifle are not the 


best for developing a new or novel weapon 
such as the atomic bomb or the proximity 
fuze. The result is that we have various 
types of laboratories—some of them are 
government-owned and operated such as 
those with which you are all familiar as 
at Fort Monmouth, Aberdeen, and Edge- 
wood Arsenal. 

In addition to these old, well-estab- 
lished, government-operated laboratories, 
we have the relatively new laboratories 
at Camp Detrick, Maryland, operating 
under Chemical Corps jurisdiction, and 
the laboratories at Redstone Arsenal, Ala 
bama, for guided missiles, operating un- 
der Ordnance jurisdiction. We hope to 
build a Quartermaster Laboratory at 
Natick, Massachusetts. In addition to 
government-owned and government-oper- 
ated laboratories, we have created several 
government-owned laboratories that are 
operated by either universities or indus- 
tries. In the guided missile field one of 
the most outstanding laboratories that is 
government-owned and _ university-oper- 
ated is the Jet Propulsion Laboratory op- 
erated by California Institute of Tech- 
nology in Pasadena. This laboratory, op- 
erated under contract and under the most 
competent direction of Professor Louis 
G. Dunn, has made outstanding contribu- 
tions to our guided missile program. In 
a similar manner guided missile work has 
been conducted in government-owned and 
contractors’ facilities by the General 
Electric Company and by Bell Telephone 
Laboratories. These are cited as typical 
examples and are not intended to be 
all-inelusive of installations or of our 
program. Also, the Army guided missile 
program represents the varied ways of 
contracting and allocating responsibilities 
in order to get the jobdone. For example, 
for one missile the Jet Propulsion Labora- 
tory at California Institute of Technology 
has done the research, development and 
engineering, and Firestone Tire and Rub- 
ber Company is responsible for produc- 
tion. 

For another outstanding missile Bell 
Telephone Laboratories and Western 
Electric Company have had complete re- 
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sponsibility for research and development 
as well as production. They have been 
assisted by Douglas Aircraft and other 
subcontractors. At Redstone Arsenal the 
Army Ordnance is utilizing many of the 
German scientists who were responsible 
for the German guided missile program 
during the last war. This civilian-military 
organization is assisted by several indus- 
trial contractors. 

In addition to research and development 
on basic hardware items such as guided 
missiles, tanks, artillery, munitions, etce., 
wherein academic resources are being em- 
ployed to assist the Research and De- 
velopment Program, the Army has turned 
to the scientists for assistance in solving 
operational problems. Several years ago 
we asked The Johns Hopkins University 
to staff and administer an Operations Re- 
search Office, borrowing from educational 
institutions qualified scientists that we 
might have them apply technical analysis 
to our more difficult operational problems. 
I regret that we have to be in competition 
with education to get a qualified staff for 
the Operations Research Office but I can 
assure you that the end justifies the means. 
The ORO has already proved invaluable 
in furnishing analyses of operational 
problems to assist in important command 
decisions. It is surprising how an in- 
tuitive appraisal of comparable value of 
weapons and weapons systems can be re- 
oriented by a careful, detailed evaluation 
of effectiveness, operating costs and re- 
quired logistic support. 

For example, it has long been the dream 
of every antiaircraft artillerist that we 
could develop a radar acquisition and fire 
control system so accurate that the first 
few rounds of any attack would result 
in a sure kill. We have analyzed a 
weapons system of this type, allowing 
a reasonable evaluation of the system 
capability and comparing it with World 
War II capability. Believe it or not, it 
_ can be demonstrated that under certain 
circumstances, the probability of getting 
a kill for a given dollar expenditure is 
lower for the fancy, very expensive sys- 
tem with radar control than it is for a 


system where those same dollars appear 
as additional weapons. Like comparisons 
are being made between expensive guided 
missiles and conventional artillery for air 
defense or tactical support. This is just 
another example of the sort of support 
our Research and Development Progray, 
receives from our higher educational] jn- 
stitutions. It will be our continuing ef. 
fort to use these resources in every way 
we possibly can. : 


Academic Resources Effectively 
Employed 

There are many other ways in which 
academic resources can be effectively em- 
ployed to assist the Research and De- 
velopment Program. The Army has just 
recently decided to increase the scope of 
the operations of the Control Systems 
Laboratory at the University of Illinois 
where work is being carried out under an 
Army administered contract for the 
Army, Navy and Air Force. Here we 
are establishing a level of effort by stating 
the number of dollars per month we are 
prepared to apply—thus effectively estab- 
lishing a laboratory of a certain size. We 
direct the technical effort with a com- 
mittee of representatives of the three 
Services approving tasks for the labora- 
tory as new ideas are evolved. This gives 
us a very flexible means of enlisting the 
support of these scientists. When an 
idea reaches the prototype stage, it can 
be removed and given by contract to an 
industrial concern, thus keeping the sci- 
entists busy with more fundamental prob- 
lems, and using industry for the more 
prosaic problems of straight engineering. 

Another use for academic assistance is 
in the Army-Navy-Air Force supported 
contract at the Massachusetts Institute of 
Technology where an Air Force adminis- 
tered contract is seeking to solve major 
problems in air defense. Here, also, a 
high degree of flexibility has been retained 
in the contract. Major shifts of direction 
and emphasis can be made without re- 
writing the basic contract. 

In addition to research leading to equip- 
ment or techniques for using equipment, 
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the Army is also supporting basic re- 
search. Although I personally have never 
actively been involved in basic research, 
and as an engineer by training my in- 
dination is to concentrate on getting 
practical results, my experience with the 
Atomie Bomb Project has made me realize 
the significance of carrying on basic re- 
search. Although the atomic bomb is 
perhaps the classic example of a formid- 
able weapon springing suddenly from 
basic research, many other lesser examples 
could of course be given. As engineers 
we certainly all must realize that the 
progress in applied research and applied 
engineering is always dependent on build- 
ing a broad foundation of basic research. 
The military also recognizes the value 
of basic research and the Army has estab- 
lished a bsaic research committee at the 
General Staff level to foster basic research 
on all the Technical Services. In addi- 
tion, the Office of Ordnance Research at 
Durham, North Carolina, was established 
to fill the ever-increasing need of Army 
Ordnance for the fruits of technical re- 
search. The Office of Ordnance Research 
sponsors basic research in those technical 
areas that have proven valuable to Ord- 
nance in the past or that promise to be 
similarly valuable in the future. This 
work is carried out almost entirely by 
small contracts with educational institu- 
tions. The primary requisite of these 
contracts is the availability of an able 
seientifie leader who can direct and con- 
trol the work. We hope that every effort 
can be made to give full freedom to the 
technical personnel not only in selecting 
the areas in which they will work but in 
deciding ways and means and the scale 
of effort in investigating those areas. The 
Office of Ordnance Research is quite 
young, having been officially established 
only about one year. I am certain that 
as it matures it will become one of the 
Ordnance’s most valued assets. 
_In the utilization of university scien- 
tists we still have many problems to solve. 
We fully recognize that the military utili- 
zation of university talent can not be 
permitted to unduly interfere with the 
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education of future scientists and tech- 
nicians. Moreover, we have no desire 
to eliminate the free-thinking in universi- 
ties for it is this very free-thinking—or 
free-wheeling as it is sometimes called— 
that is one of the intrinsic values of 
university research. It is particularly of 
value when one recognizes that the very 
nature of government red tape tends to 
make government laboratories more con- 
servative in their approach to solving 
problems. We need both approaches. 
Contracting Procedures 

In addition to worrying about the im- 
pact on the basie mission of universities, 
we in the military also have a long way 
to go toward arriving at acceptable con- 
tracting procedures and methods of co- 
ordinating the division of effort between 
various universities and industrial con- 
tractors so as not to create unnecessary 
friction and useless effort. For a good 
many years I have been exposed to the 
task of trying to coordinate the efforts 
of military, industry of various types, 
universities, labor unions, and in some 
cases plain ordinary housewives at iso- 
lated locations, and I can only say that 
to get any harmony at all out of these 
diverse groups requires a recognition that 
we are all different breeds of cats and 
must be handled accordingly. Perhaps 
some day we will develop a breed of 
military cat that knows how to handle 
such problems—certainly that is a task 
facing the Army today. So to those of 
you who have government contracts, all 
I ean ask is your patience in bearing with 
us while we all learn to appreciate each 
other’s talents and shortcomings. One 
of the worries that has repeatedly raised 
itself in the Research and Development 
Board is whether the continued expansion 
of the military Research and Development 
Program can be supported by the uni- 
versities. We recognize that we are con- 
stantly diverting a greater and greater 
proportion of university talent to our 
military effort. Certainly a study of the 
record indicates a tremendous growth in 
military research. A review of the rec- 
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ords for the past 12 years indicates that 
the Army Research and Development Pro- 
gram has expanded some 20 times as 
compared to immediately before World 
War II. It is more than twice as large 
as our peak during World War II, and 
is some four times as large as the period 
immediately after the war when we were 
all more hopeful for a long period of 
peace. 


Expand or Stabilize? 


One of the real questions facing us is 
—ecan we continue to expand or have we 
reached a point where we should stabilize 
our effort? Certainly the problems con- 
fronting us all point to the desirability 
of an increased effort, but should we con- 
tinue to inerease this effort if the long 
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term effect on our educational institution. 
is too serious. If we are faced wit} 
immediate all-out war the answer of cours, 
is more obvious, but we all hope that th, 
result of our efforts in research and qd 
velopment and our armament progray 
in general will be to reach a state wher 
we not only can win a war if it is thrust 
upon us, but also that we may have tl 
possibility of deterring war. Whether thi. 
effort will be a long one or a short one i 
very difficult to evaluate at this time 
Certainly it must be weighed from yea 
to year, and perhaps if we can utiliz 
our funds and talent efficiently we can not 
only get the answer concerning the tim 
and the degree of effort but we may als 
accomplish the major objective of avoid 
ing war. 


New ECRC Secretary 


Professor Neilly’s appointment was ai 
nounced by Dean Eric A. Walker of the 
School of Engineering at Pennsylvania 
State College, who is Chairman of the 


Virgil E. Neilly, Assistant Professor of 
Engineering Extension at the Pennsyl- 
vania State College, has been appointed 
Secretary of the Engineering College Re- 
search Council. 

Professor Neilly, a graduate of the 
Electrical Engineering Department at 
Penn State, is a member of the American 
Society for Engineering Education and 
an associate member of the American In- 
stitute of Electrical Engineers. He has 
been honored by election to Phi Eta 
Sigma, Eta Kappa Nu, and Tau Beta Pi. 


Research Council. As Secretary, Profes- 
sor Neilly succeeds John I. Mattill, now 
Director of Publications at the Massachu 
setts Institute of Technology. 

The Engineering College Researeli 
Council, a unit of the American Society 
for Engineering Education, represents thi 
research activities of ninety-eight leading 
engineering schools in the United State: 





Should Engineering Schools Teach Engineering? 


By THOMAS K. 


Dean Emeritus, Massachusett 


Engineering is sometimes thought of by 
educators as a collection of academic sub- 
jects constituting a curriculum. Others 
think of engineering as a way of life. 
Engineers are not walking encyclopedia, 
but men who do things. They are erea- 
tors, designers, and managers, whose satis- 
faction in life comes from creative ac- 
complishment. This is recognized by our 
form of engineering education, which is 
based on the principle of “learning by 
doing.” Nevertheless, the engineering cur- 
rieculum is designed primarily to teach 
men what they need to know in order to 
start learning something about engineer- 
ing. It is really a pre-engineering ecur- 
riculum. 

It would seem that the basie tools of the 
practising engineer are five in number: 
concepts, principles, techniques, facts, 
and judgment. We teach the first four 
in formal classes, and hope that the stu- 
dent may aequire the fifth. The concepts 
include such things as temperature, heat, 
vapor pressure, and reversibility, which 
help an engineer to understand and to 
think. Principles include the chemical 
laws of combining weights, the first and 
second laws of thermodynamics, and 
Newton’s laws of motion. Techniques 
include not only laboratory and industrial 
methods, but the technique of tackling a 
design problem, the use of the library, 
and the preparation of a good written 
report. The engineer must have a limited 
number of facts in his tool kit, but the 
straight learning of facts has always been 
emphasized less in engineering than in 
other curricula, and the last twenty years 

*Professor of Chemical 
Dean of Engineering, 1946-52. 
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have seen a steady strengthening of the 
basic science at the expense of the em- 
pirical know-how or “handbook engineer- 
ing” within the four-year curricula. But 
we have restricted our teaching primarily 
to the tools of the profession, and done 
little to introduce the student to the ap- 
plication of the engineering method to 
complex engineering situations. Refer- 
ring to a similar list of “tools,” the 1944 
Report on Engineering Education after 
the War (3) states that “knowledge of 
these tools does not constitute ability to 
practice engineering.” 

The “engineering method” is more than 
a catch phrase. It involves the evaluation 
of a situation—a process seldom required 
in the solution of a typical ten-line prob- 
lem assignment. It involves the selection 
of the appropriate tools—those applicable 
to the assigned home problem or quiz are 
usually indicated, or obvious from the con- 
text of the course. Very often it requires 
economic balances of a type which the 
student meets only in the most elementary 
form as an undergraduate. It usually 
involves the handling of situations with- 
out adequate data and without unique 
answers, in which conclusions based on 
judgment must be made and defended. 
These are so foreign to undergraduate 
instruction that students feel ill-treated 
when sometimes given an assignment with 
missing data, or one without a definite 
answer. These protected students experi- 
ence a rude awakening in the cold world 
of engineering practice. 


Examples 


There are, of course, many examples of 
comprehensive design projects and other 
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techniques whereby the undergraduate is 
required to employ the engineering method 
in attacking real engineering problems, 
under the guidance of experienced teach- 
ers. Most such activities, however, are 
limited to a few undergraduates and the 
majority of the engineering students are 
not influenced. 

M.I.T. chemical engineers engage in a 
comprehensive plant design problem, re- 
quiring cost studies and complete process 
engineering calculations for a chemical 
plant. But this is a graduate course. 
Last year seniors in electrical engineer- 
ing tackled the design and promotion of 
a gas-discharge flash light for amateur 
photographers. This involved technical 
design, the question of the appearance of 
the product, a market study, questions of 
manufacture, financing, and advertising. 
But this was an elective taken by a few 
seniors. In mechanical engineering seven 
seniors did a group thesis on the improve- 
ment of a commercial vacuum cleaner. 
New fan blades and other parts were 
designed, produced by the manufacturers, 
tested and reported by the students. But 
we cannot get the technical assistance and 
several thousand dollars cash to support 
the theses of every seven seniors. At 
M.L.T. students get one of the finest of 
educational experiences in the Servo- 
mechanisms and the Instrumentation lab- 
oratories in working with creative teach- 
ers in the design and actual production 
of new mechanisms such as the Brook- 
haven pile’s servo-operated control rods. 
But these again are graduate students. 

One of the most intriguing possibilities 
along these lines is the plant design 
project engaged in by seniors from sev- 
eral engineering departments. Each 
group presents and defends its contribu- 
tion to the complete project. In addition 
to the engineering experience, the student 
has the opportunity, rare to undergradu- 
ates, of learning to work as a member of 
a group. It is not known that this type 
of project is being carried out at the 
undergraduate level. 

Educational experiences such as these, 


SHOULD ENGINEERING SCHOOLS TEACH ENGINEERING? 


often available at the graduate but . 

seldom at the undergraduate level, repre- 
sent the experience in synthesis for whic 
purpose the four-year training in analys), 
is planned. But of greatest importance 
is the point that here is the opportunity 
for the engineering student, while tii] 
in college, to get some concept of the 
thrill of creative accomplishment, without 
which the college experience means little 
more than a four-year extension of the 
high school pattern. Where else will the 
student get an appreciation of the mean. 
ing of creative professional activity? In 
freshman physics? In applied mechanics? 
In courses in materials? Perhaps in a 
two-afternoon-a-week thesis in the second 
term of the senior year? 

Our friends in architecture follow the 
project pattern, starting with second-year 
design. Somehow they are able to resist 
the temptation to require more and more 
subjects; a considerable fraction of the 
entire curriculum is devoted to design. 
Dean Hollister (1) has previously sug- 
gested that we may benefit from the ex- 
ample of the teaching of architecture. 
The 1944 Report (3) also refers to the 
system followed in architecture. 


Objections Raised 


Whether or not the comprehensive de- 
sign project or other techniques of teach- 
ing the engineering method belong in the 
undergraduate program is certainly open 
to question. The 1944 Report gives 
one opinion—“Judgment matures only 
through experience, but introduction to 
the art of engineering and the develop- 
ment of judgment—in other words, ele- 
mentary competence in the engineering 
method—can and should begin in col- 
lege” (3). Many may argue that com- 
prehensive exercises in the engineering 
method do not belong in the schools— 
that engineering schools should teach the 
tools of engineering but not attempt to 
teach engineering. I do not agree with 
this latter point of view, though I accept 
the fact that some will hold to it on 
principle. More, however, will conclude 
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that the objective is sound, but that such 
activities on any important scale are 
quite impractical within the limitations 
of the four-year undergraduate curricu- 
lum. The late President Wickenden 
wrote in 1929 that the limited treatment 
of ereative engineering was “regrettable 
hut inevitable” (2}. The practical objec- 
tions hinge on (a) the lack of qualified 
teachers for such an admittedly difficult 
task, and (b) the lack of time in a 
crowded curriculum. 

I am not so sure the objectors are right 
on the first point. If the initial goal were 
to provide the equivalent of one full 
semester of the comprehensive project 
type of education, only approximately 
one-quarter of the instruction given by 
engineering department staffs would be 
involved. If a few imaginative teachers 
showed the way to the development of this 
kind of teaching, many others could fol- 
low their lead. Engineering faculties now 
include hundreds of men who have had 
wide engineering experience at a respon- 
sible level in industry, and many of these 
would follow such leadership with under- 
standing and enthusiasm. Perhaps we 
could attract more such engineers into 
the teaching profession if our instruc- 
tional pattern were not so completely 
compartmentalized into separate subjects, 
separated by artificial walls non-existent 
in engineering practice. 

The second practical objection assumes 
that within the four-year curriculum there 
is now no material less important than 
the proposed project-type instruction in 
the engineering method—that it is cer- 
tainly impossible to cut present material 
by the equivalent of one full semester. 
This is debatable—in fact it has been 
debated extensively in connection with the 
efforts in recent years to allot more time 
to the Humanities. But there is a diffi- 
cult though possible way out—involving 
the killing of two birds with one stone. 


Courageous Experiments Are Called For 


The way out of the difficulty is illus- 
trated by a recent experiment at M.I.T. 
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Undergraduates in aeronautical engineer- 
ing were offered an entirely new type 
of instruction in the second of two se- 
mesters in engineering thermodynamics. 
They were asked to design an air-con- 
ditioning system for a jet aireraft. Just 
that. First they had to learn something 
about jet aircraft, but they already knew 
a little. Why air-conditioning—for the 
equipment or the pilot? How much 
would the cooling load be? Why did it 
zet hot? These questions led to a study 
of heat transfer, then concepts and 
theories of stagnation temperatures, a 
realization of the inadequate state of the 
art as revealed by the literature, and 
finally into problems of refrigeration en- 
gineering. At the end of the semester 
these students took the same final exam 
as those students who had taken the 
regular course in thermodynamics, and 
did as well. In other words, it is possible 
to provide the creative engineering-pro)j- 
ect type of instruction without sacrificing 
the haloed “coverage” of “material” to 
any important degree. 

The idea of comprehensive projects and 
other schemes for instruction in the en- 
gineering method is certainly not novel. 
Both the 1940 and the 1944 Reports list 
this as one of the main objectives of the 
scientifie-technological stem of the cur- 
riculum, and deseribe this objective in 
specific terms. The 1944 Report de- 
scribes a course or subject designed with 
this particular objective in mind. It 
would seem, however, that too little has 
been done, and that the experiments have 
been on too small a seale. The objective 
eannot be attained by changing the in- 
struction within the framework of discrete 
subjects, either by modifying existing sub- 
jects or by single new subjects. Really 
worthwhile results will be obtained only 
by the imaginative use of large blocks of 
student time, of the order of entire 
semesters. 

To do much of this sort of thing is 
clearly a large order. But engineering 
education is in something of a rut, and 
courageous experiments are ealled for. 





386 


Except for the great strengthening of 
our programs through the application of 
more science and mathematics, there has 
been little fundamental change in two 


generations. The curriculum is still four 
years (with few exceptions) following 


high school; it is still made up of poorly- 
related separate subjects; and the sub- 
jects are mostly the same subjects, mod- 
ernized, but taught in much the same 
way. The idea that engineering schools 
might also teach engineering suggests 
the challenge of a departure from tradi- 
tion which, at the very least, would pro- 
vide the student motivation so often lack- 


ing. 


SHOULD ENGINEERING SCHOOLS TEACH ENGINEERING? 
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College Notes 


Dean S. S. Steinberg of the University 
of Maryland College of Engineering has 
been named adviser to the School of Engi- 
neering of the University of Puerto Rico 
at Mayaguez. He plans to visit the island 
commonwealth early in March to confer 
with university administrative officers and 
faculty members on the development of 
their engineering curricula and laboratory 


facilities. 
* x 


The largest group of Special Summer 
Programs in the history of the Massa- 
chusetts Institute of Technology will be 
given at the Institute next summer. These 
special programs, designed for profes- 
sional personnel from industry, govern- 
ment and educational institutions, will be 
given in addition to academic subjects 
from the Institute’s regular courses and 
in addition to several technical confer- 
ences which have been planned in a num- 
ber of fields. 


* * 


A bequest of the late Norman W. 
Church of Los Angeles to the CALIFORNIA 


INSTITUTE OF TECHNOLOGY, together with 
gifts he made to the Institute a few 
months before his death January 7, will 
make possible construction in the near 
future of a $1,500,000 laboratory for edu- 
eation and research in the field of chemi- 
eal biology. The laboratory is to be 
known as the Norman W. Church Lab- 
oratory of Chemical Biology. It will be 
joined to the present Crellin Laboratory 
of Chemistry and also eventually to the 
Kerckhoff Laboratories of the Biological 
Sciences. 
od * * 

Cooperative programs enabling a stu- 
dent to obtain degrees in both liberal arts 
and engineering have been arranged by 
Stanford, Knox College, and The College 
of Idaho. Selected students at Knox and 
Idaho will take a three-year liberal arts 
course at their college, followed by two 
years of specialized training at the Stan- 
ford School of Engineering. Upon sue- 
cessful completion of the five-year course, 
the students will be awarded a_ bachelor 
of arts degree by their college and a bach- 
elor of science degree by Stanford. 








Tcaiisoahause Seton: 





Dry 
the 


al 
Cal 








Isn't This the Crying Need? 


By WILLIAM W. 


ROGERS 


Head, Dept. of Mechanical Technology, Long Island Agricultural § Technical Institute 


Almost daily we read in our news- 
papers, magazines, and technical publi- 
cations, hear on radio, and watch speakers 
on television all publicizing the great need 
for engineers. Occasionally, the great 
. need is questioned, as in Time Magazine 
of April 21, 1952 a spokesman for the 
U. S. Steel Company reported that 75% 
of the jobs for which engineers were 
hired could be filled by graduates with 
B. A. degrees. The magic figure “80,000 
engineers” is never accompanied by an 
equally important quota, of let us say, 
“400,000 technicians,” and “1,000,000 
semi-skilled industrial workers.” 

Just as surely as the low birthrate of 
the 1930’s cannot be altered, the heavy 
demands of the military program ignored, 
and bad advice (about five years ago) 
to guidance counselors be recanted, we as 
educators for industry are doing collec- 
tively little to put forth a broad program 
to obtain students in training for all 
branches of industry. Some militant 
leadership is needed in our field. It is 
needed to assemble the forces of engineer- 
ing, technical, and vocational education at 
all levels, into a solid group to develop 
a program to provide our future students. 

Today we have no such comprehensive 
program. In the Journal of Engineering 
Education, September, 1951, Dean Hol- 
lister of Cornell University said, “The 
educational system that has come into 
being in this eountry certainly was not 
evolved after a preconceived national 
plan, as far as engineering and _ allied 
schools are concerned. Whereas abroad 
there is commonly a technical institute 
functioning in parallel with strong pro- 
fessional engineering education, there have 
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been relatively few technieal institutes in 
this country, leaving the burden of serv- 
ing both needs upon the engineering 
schools.” The relatively few technical in- 
stitutes in New York State have met the 
same avalanche of personnel recruitment 
men as have engineering sehools. Stud- 
ies * have shown that for each engineering 
position there is need for four to twenty 
technicians. 

We need a program that will fill our 
schools with students for all levels of in- 
dustrial competency. Our present efforts 
(which center principally about the needs 
of the engineering school) only taps the 
surface. An overall program for students 
must go back farther than the high school, 
farther than the elementary school, and 
into the home. Through every communi- 
cative means it must be shown that a 
future in industry has_ respectability, 
profit, and great promise. No additional 
studies of needs are necessary; the Edu- 
sational Policies Commission — report,t 
Edueation for All Ameriean Youth is one 
which did the job well. What is needed 
is leadership. Consider the magnitude of 
the program of the National Safety Coun- 
cil; ours should be as broad and unceasing. 

A strong program for industrial oecu- 
pations would only strengthen the good 
elements in our present educational pat- 


* Vocational Division Bulletin No. 228, 
Voeational-Technical Training for Industrial 
Occupations, U. 8S. Office of Education. 
(Superintendent of Documents, Washington, 
D. C. 40¢.) 

+ §*Edueation for All American Youth,’’ 
Edueational Policies Commission, 1201 Six- 
teenth St., N. W., Washington 6, D. C. 
($1.00). 
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tern at the elementary and high school 
levels. Well-educated high school gradu- 
ates with a broad background in human- 
istie-socialistie studies, mathematics, and 
science, and an enthusiasm for technical 
work are desired in all levels of vocational, 
technical, and engineering positions. 
The three principal fields of training 
for industry each work with industry but 
do not work together. Representatives of 
vocational and technical education meet 
together for mutual good as rarely as do 
the technical institutes and engineering 
schools. It would not serve our industrial 
needs at all to assume that one type of 
school should serve as a_ preparatory 
ground for another; there are fixed ratios 
of needs of engineers; technicians; semi- 
skilled workers which must still be met. 
Let us be sure of this—there are great 
needs at all levels of industrial com- 
petency, and they cannot be met by meet- 
ing only the quota of engineers. Con- 
sider the case of those who enter industry 
with only two years of engineering edu- 
cation. Of one group studied,t about 
70% stated positively that they felt that 
lack of an engineering degree was no 
hindrance to Again, from the 
April 21, 1952 issue of Time Magazine, 
“Today (the engineer) goes forth into a 
technician’s world and an_ engineer’s 
market.” Technical schools ean train its 


t‘‘Is Less Than Graduation Worth- 
while?’’, Clement F. Freund, Dean, College 
of Engineering, University of Detroit, Jouwr- 
nal of Engineering Education, September, 
1951. 


success, 


ISN’T THIS THE CRYING NEED? 


graduates to fill many positions for w})j,), 
engineering schools cannot. In 

fields the technical institute graduate yi 
be more successful, happier, and a bette; 
producer than the engineer. And untj] 
we resolve to approach our needs with 9) 
overall program, there will never he 
enough competent engineers, technicians. 
or semi-skilled industrial workers. 

Our school population is growing at th 
elementary school level. Soon these stuy- 
dents will be in high school and thinking 
of their future careers. By starting a 
campaign now, we can attain the future 
student body needed, and gather in many 
good students in the years before the 
large group born in the 1940’s come int 
our technical and engineering schools. 

What should be the principal element: 
of such a program? It should instill in 
the minds of young boys and their parents 
the concept that a future in industry is: 


1. Financially rewarding 

. Respectable 

. Able to offer many unsurveyed hori- 
zons. 


This we cannot do overnight; education 
is a process measured best by generations. 
Now is the time to plan for these gen- 
erations. Now is the time to gather all 
resources. Now is the time to undertak« 
a master plan for obtaining a student 
body in engineering and its allied 
branches—that will man our industrial 
enterprise today, tomorrow, and in the 
years we will never see. 
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The Co-op Prepares for Engineering * 


By C.F. 


ARNOLD 


Chief Engineer, Cadillac Motor Car Division, General Motors Corporation 


My subject is “The Co-op Prepares for 
Engineering” and although these ideas 
will probably apply to other branches, 
they are based mainly upon my own ex- 
perience as an automotive engineer. 

My comments will cover: first, sugges- 
tions for classroom courses which should 
be given more emphasis; second, the main 
advantages which should be sought for in 
the shop periods; and last, some gen- 
eral comments on the advantages of co- 
operative education as it appears to me. 

As to the courses which I think should 
be emphasized more strongly in the school 
portion of the course, it would be dif- 
ficult to say which is most important but 
certainly the following group are near 
the top. One is applied mathematies. 
Far too many fellows leave school with 
the ability to solve differential equations 
but haven’t the foggiest notion as to how 
they could be used to help themselves out 
of some practical problem—and | this 
does not necessarily need be confined to 
the higher brackets of mathematics. We 
have a simple application of first degree 
simultaneous equations which enables us 
to determine the weights of the upper 
and lower end of a connecting rod much 
more simply than by the conventional 
weighing method. 

Another is what we might call Dynamic 
Design—the mathematician would have a 
tough time justifying the modern ecrank- 
shaft design, but it has developed along 
very sound principles For example, a 





* Presented before the Co-operative Edu- 
cation Division of the A.S.E.E. at Michigan 
State College, Lansing, Michigan, June 27, 
1951. 


great deal has been learned on handling 
or avoiding high stresses, which show! 
be taught to the student. 

Closely allied to this is the study ot 
vibration Practically every part of ay 
automobile is concerned with vibratio: 
in some way or another The erankshafi 
vibrates in bending and in torsion Th 
entire power plant bends as a beam on its 
supports and can be excited resonantly 
at certain speeds. Example: We ran into 
this a number of years ago when we had 
a very hard to identify “boom” in th 
ear at about 55 mph After a great deal 
of work, this was traced to a week fly- 
wheel bell housing which was permitting 
the entire power plant to flex in the mid 
dle It was excited by the propeller shatt 
and its natural frequency occurred at 
this 55 mph speed Once the cause was 
determined, it was fairly simple to stiffen 
the bell housing sufficiently to raise its 
natural frequency above the driving rang 
of the car and thus eliminate the objec- 
tionable period. The propeller shaft 
must be very carefully designed to avoid 
critical periods and so on with the motor 
supports, the sheet metal reinforcements, 
the body mountings and the steering 
mechanism, to say nothing of the frame 
and suspension which are, of course, spe- 
cial problems in vibration dampening. 

From my own experience, the study o! 
metallurgy has probably been used mor 
than any other course which I studied and 
a working knowledge and understanding 
of both the ferrous and_ nonferrous 
metals is more important today than ever. 
We should also include, and keep up-to- 
date, courses on the characteristics and 
uses of plastics, glasses, ceramics, rubber, 
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silicones and other new materials as they 
are made available for modern design. 

Although I have not had the oppor- 
tunity of checking this personally, I sus- 
pect that modern drafting room practice, 
as used in most plants today, is quite dit- 
ferent from that which is taught in most 
schools and it might be well for the draft- 
ing instructor to periodically visit some 
of the more progressive design rooms in 
the industry to keep up-to-date on the 
constantly improving methods. 

Sooner or later the successful man in 
any line needs training in effective speak- 
ing and I think that the earlier this is 
started the better, as it not only is help- 
ful for public speaking but, to my mind, 
is a great deal more valuable in the day- 
to-day contaets in conferences and in the 
transmission of instructions to other 
members of the organization. 

Some of the basic principles of human 
relations should most certainly be taught. 
I know of many very promising engi- 
neers, Who were tops technically, that 
have failed to advance because of their 
ignorance of the importance of learning 
to get along with people. Every organi- 
zation has its “problem children”—men 
who are extremely valuable in certain 
jobs but who must be handled carefully 
to keep them happy and with today’s 
shortage of engineers, this is very im- 
portant. 

And last in this group, a knowledge of 
cost accounting is most important in to- 
day’s economie race. The engineering 
designs must not only be good but they 
must be capable of being produced at a 
reasonable cost. The old wiseerack, that 
an engineer is a guy who ean do for a 
dollar what any fool ean do for two dol- 
lars, is certainly truer today than ever 
hefore. 


Training in Industry 


In the shop portion of the course, the 
“o-op’s program should be planned so 
that he covers everything from the sim- 
pliest type of work through to the most 
complicated operations. And he should 
be taught to try to obtain what we might 


call the shop atmosphere: the workmen’s 
point of view and attitudes, their side of 
the labor question and their thinking on 
organized labor. He gets to see a side of 
the workmen which is rarely revealed to 
the graduate of a regular course even 
though he may be given shop trainee or 
apprentice courses. Starting as he does 
as a rank beginner, the co-op is taken in 
as one of them and does not meet the wall 
ot difference which confronts the man 
who has taken a straight course and en- 
ters the shop as a “College Graduate.” 
The co-op should, if possible, obtain 
experience in all of the departments con- 
cerned in the manufacture of production 
automobiles: the foundry, machine shop, 
welding department, the press room, the 
plating department, and assembly work; 
he should have some inspection experi- 
ence and then spent his last year in the 
engineering department. I realize that 
this much coverage is probably never ob- 
tained but it should certainly be the ob- 
jective and if the total number of work 
weeks in the 5 or 6 years course is care- 
fully divided and assigned, it should be 
possible to come close to this ideal. 


Advantages 


As to the general advantages of c¢o- 
operative training, it certainly gives the 
man the opportunity to find out, at the 
earliest possible moment, whether or not 
he is really fitted to do what he thinks 
he wants to do. I talk to youngsters 
these days who have been over-impressed 
by the magic word “research” and _ pie- 
ture themselves in a long smock, sur- 
rounded by electronic equipment and 
coils of blown glass, discovering some new 
form of energy; but soon quit and go 
home when they find out that they have 
to start helping somebody bolt together 
a base to support the stand on which 
some of this equipment is to be placed. 
Being able to get a taste of the kind cf 
work which he has selected, while he is 
still able to change his course, is a tre- 
mendous advantage and I think your 
records will show that while the co-opera- 
tive student may change from mechanical 
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to civil engineering or from chemical to 
metallurgical, once he graduates, he rarely 
changes his profession. 

There is another intangible advantage 
in obtaining his shop work at the same 
time as his technical training, compared 
with the fellow who goes to school for 4 
or 5 years straight and then goes out and 
gets experience. We might compare it 
to the advantage of intimately mixing 
the sand and cement before the mortar 
is prepared—it forms a bond which can- 
not be obtained in any other way. 

Then there is, of course, the economic 
advantage of co-operative training. 
Many of us could not have obtained an 
education without the financial help which 
the work periods provide. 

The co-op is much more likely to stick 
it out and finish his education than the 
student taking the straight course; see- 
ing the alternative constantly before him 
in the shop, of men who have not trained 
themselves and are trying to advance 
without that distinct advantage, is one 
of the strongest incentives to complete 
his education. I know of many instances 
when men left a school period discour- 
aged and ready to quit but returned from 
the shop period with renewed enthusiasm 
and a resolution to see it through. 

Co-operative training gives a man a 
basic understanding and sympathy for 
the shop problems which he never forgets. 
In some plants there is downright enmity 
between manufacturing and engineering. 
The factory group thinks the engineers 
are a bunch of impractical, arbitrary, 
stuffed shirts who sit up in their tower 
and try to devise something more diaboli- 
cally difficult to make, while the engineer 
looks down on the shop men as a bunch 
of uncivilized barbarians who never make 
anything like the drawings and then won- 
der why it won’t work. Such attitudes 
are never found in co-operatively trained 
men, whether they wind up in manufac- 
turing or engineering; they have a real 
respect for the other fellow and a sym- 
pathetic understanding of his problems 
and this is the only basis on which a con- 
tinuing sound business can be built. 





THE CO-OP PREPARES FOR ENGINEERING 


One of the turning points in my ¢. 
perience developed from such a contac 
It was in 1938, we had just brought out » 
new V-16 engine and, while over in the 
shop, I noticed that a number of prob. 
lems had arisen in its assembly. At the 
time, I was in charge of the dynamometer 
lab which had done much of the develop. 
ment on the engine, so I pitched in and 
spent several days in the shop explaining 
the new design and helping work out 
their problems. While there, the Works 
Manager and the General 
stopped by and, as a direct result of this, 
when the new job of Production Engi- 
neer was established I was given the as 
signment. Perhaps any man would have 
done the same under the circumstances 
but for the co-op it was a natural re- 
action. 

Co-operative training also gives him 
an appreciation of the serviceman’s prob- 
lems and of the importance of designing 
for accessibility and easy repair. 


Manager 


Need for broad knowledge 


The young engineer should be sold o1 
the value of continually broadening his 
knowledge. I am frequently asked by 
members of our organization “THlow can 
I get ahead ?”—“What should I do to get 
a promotion?” Of course no two cases 
are exactly alike but in almost every in- 
stance I find that the following sugges- 
tions apply. Lets’ take the job of Labo- 
ratory Supervisor as an example. It is 
assumed that we have several candidates, 
all ambitious, all having some leadership 
ability and having good technical train- 
ing. If all of these characteristics were 
equal, the job would not necessarily be 
given to the best dynamometer operator 
but to the man who has best informed 
himself on all phases of testing. The 
Staff Engineer on chassis may not be the 
best specialist on brakes, or axles, or 
transmissions, but the man who knows 
most about all of them. In this day ol 
specialization, it is easy for a man to get 
into a rut but that applies to his co- 
workers just as well and if he will take 
the trouble to learn something of the 
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other fellow’s “rut,” while doing well his 
own job, he will stand up head and shoul- 
ders above his competitors when the 
choice is made for a promotion. Just 
take the top job in any industrial organi- 
zation—the General Manager—the first 
word of his title tells you what his re- 
sponsibilities are. He must know Sales, 
Manufacturing, Purchasing, Engineering, 
Accounting and Personnel handling—but 
few men ever go through all these depart- 
ments in their normal career. After the 
man became head of one of these groups, 
he was selected as General Manager be- 
cause he, in addition to knowing his own 
job, had learned more about the others 
than anyone else, and that principle ap- 
plies right down to the foreman of the 
smallest department. 


College 


The University of Wisconsin’s new 
Chemical Engineering Building is grad- 
ually being put into full use on the UW 
campus as installation of its technical 
equipment is completed in its 10 labora- 
tories. The building has three stories and 
basement constructed of concrete, lannon 
stone, and brick, and besides the 10 lab- 
oratories, it provides classrooms and of- 
fiees and other special service and work 
rooms for the University’s chemical engi- 
neering staff and students. 

ae - a 

The Division of Applied Science of 
Harvard University announces the ap- 
pointment of Dr. John H. Curtiss and Dr. 


IDS 

This is good advice for any man on the 
way up, but for the co-op, with his basi- 
eally broader background and training, it 
is a natural—and, aggressively used, is 
a success formula which I have never seen 
fail to get results. 


Conclusion 


So, as the co-op prepares for engineer- 
ing, give him more courses which he ean 
apply directly in his work, encourage 
him to get the full benefit of the “shop 
atmosphere” during his work periods and 
impress upon him the importance of con- 
tinuing to expand the broad start which 
you have given him in his education, for, 
like a pyramid, a big man needs a broad 
base. 


Notes 


Andre Guinier as Visiting Lecturers for 
the spring term of the academie year 


1952-53. Dr. Curtiss is Director and 
Founder of the Institute of Numerical 
Analysis of the National Bureau of 


Standards. He is also a member of the 
National Research Council Committee on 
High Speed Computing Machines. He 
will give a course concerned with prob- 
lems of numerical analysis. Dr. Guinier 
is Professor at the Sorbonne, and is inter- 
nationally known for his work in the field 
of x-rays and metallurgy. His research 
laboratory is located at the Conservatoire 
National des Arts et Metiers in Paris. 
His lecture course at Harvard will be on 
the subject of x-ray metallography. 





A Simplified Technique for Item Analysis* 


By R. O. SWALM 


Associate Professor of Industrial Engineering, Syracuse 


Introduction 


The making of good tests is not an 
easy task—and after attempting to con- 
struct a good test a teacher naturally 
wishes to measure the success of his ef- 
forts and perhaps to build up a file of 
good test items. One of the techniques 
available to him is an item analysis to 
determine which item proved most useful 
in that particular test. 

In this paper the scope and theory 
of item analysis will be discussed very 
briefly and then a simplified technique for 
item analysis will be presented. Finally 
a few brief remarks concerning the use 
of this technique will be made. 


Item Analysis 


Before anything can be evaluated, a 
standard against which it is to be meas- 
ured must be established. In judging the 
effectiveness of various test items, two 
guiding principles will be used. The first 
of these is that, in order to most effectively 
differentiate between abilities throughout 
their entire range, items should range in 
difficulty from very easy to very difficult 
—ideally, at approximately equal incre- 
ments of difficulty. The second is that 
each item should be useful in selecting 
superior from inferior ability in the field 
being measured. 

Unfortunately, the implications of the 
first principle are denied, in practice, by 
a great many engineering instructors. 
The objective of too many teachers seems 
to be to make all items on a given test of 


* Presented before the Educational Meth- 
ods Division at the Annual Meeting of the 
ASEE, Dartmouth College, June, 1952. 
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equal difficulty, and generally with the ey- 
pectation that the great majority ot 
class will answer between 55 and 95° 
of the items correctly. 

Since it is extremely rare for a test 
to have an error of measurement of less 
than + 10 percentage points (generally it 
is much higher than this) it should be 
obvious that there will be relatively fey 
instances in which we can say that, based 
on the evidence offered by the test, one 
particular student is definitely superior 
to another. Certainly the probability ot 
a man who obtained 85% being actually 
superior to another who obtained 75% is 
slight—and the probability of the revers: 
being true is far from zero. 

How can this uncertainty be overcome? 
By deliberately setting out to spread th 
grades of the same group from about 10° 
to 90%! This will have an effect com- 
parable to that obtained by using an air 
gauge instead of a scale to measure the 
diameter of a shaft. By so doing, we do 
not change the thing being measured (in 
this ease a shaft), we do not change the 
actual error of measurement introduced 
by the human eye (on the air gage as 
on the seale, we ean detect a difference of 
about one one-hundredth of an inch on 
the scale being read), but we will expand 
a small range of sizes to a large physical 
range on the air gage so that the error 
of measurement introduced by the eye is 
relatively less important. 

In testing, it has been found that, by 
submitting items that range from the very 
simple to the extremely difficult, we can 
expand the range of percentage grades, 
that, under the traditional methods, would 
vary from 55% to 95% to the point 
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where they vary from, say, 10% to 90%. 
This will have little effect on the error of 
measurement, so that the precision with 
which we can rank students is greatly 
increased. If our error of measurement 
is + 10%, we are quite confident that a 
student who obtains 75% is definitely 
superior to one who obtains 50%. Of 
course, this means that we will have to 
use different standards in translating from 
numerical to letter grades—but to say 
that 50% is equivalent to a grade of 
“(” js certainly no less arbitrary (though 
perhaps less traditional) than to say that 
75% is equivalent to “C”. It requires 
some re-orientation in the thinking of both 
faculty and students—but as engineers we 
should surely be willing to re-orient our 
thinking in order to gain greater pre- 
cision at no inerease in cost.! 

With regard to the principle that each 
item in a test should be useful in selecting 
superior from inferior ability, the obvi- 
ous diffieulty in determining the degree 
to which this objective has been met is 
the selection of a suitable criterion. 

Unfortunately, knowledge of the rela- 
tive ability of students is seldom present. 
Indeed, if it were, there would be little 
purpose in giving a test. This is not an 
insurmountable difficulty, however, for if 
it is assumed that the test as a whole is 
a valid instrument, each item can be meas- 
ured against the whole test. This as- 
sumption will probably be reasonably ac- 
curate if the test maker has critically 
asked himself, “Does this test measure 
what it purports to measure? What am 
I trying to test for—knowledge of facts? 
Understanding of facts? Ability to ap- 
ply principles in new situations? ete.,” 
and then, “Does this test measure these 
abilities ?” 

In measuring each item against the 
whole test, the basie criterion may be 
stated as “As compared to those who do 


‘For a more complete discussion of the 
logie behind this concept, the reader is re- 
ferred to an excellent exposition in Chapter 
II of Hawks, Lindquist, and Mann’s ‘‘Con- 
struction and Use of Achievement Examina- 
tions,’? published by Houghton Mifflin. 


poorly on the test, do a_ significantly 
greater number of students who do well, 
answer this item correctly?” If they do, 
the item would appear to make a positive 
contribution to the whole test. If, on 
the contrary, more inferior than superior 
students choose the correet answer, the 
item is probably not useful in its present 
form. A danger signal has been raised— 
the item should be investigated. Further, 
if only a few more of the better students 
answer an item correctly, this may be 
attributable to chance and the item prob- 
ably does not discriminate well between 
various levels of ability. 

If the test maker is attempting to 
measure several different abilities, it 
should be recognized that he is in reality 
giving several different tests. Unless the 
correlation between these several abilities 
is very high (and it frequently is not) 
items in each of these different tests 
should ideally be evaluated against scores 
on that test alone. 

The most useful measure of an item’s 
ability to discriminate between different 
levels of achievement is the co-efficient of 
diserimination. 


There are several types 
of such co-efficients; one of the more use- 
ful bears the imposing name of “Tetra- 
choric,” and this particular measure of 
diseriminating ability will be used herein. 
Unfortunately, like the others, it is not 


simple to compute. Charts are available 
to simplify the work required, but even 
with these it is necessary to divide the 
test papers into halves, one containing 
the higher and the other the lower scores. 
Then the per cent of the students in each 
half who respond correctly to each item 
to be analyzed must be computed, the 
chart entered with these values, and the 
value of the coefficient of correlation read 
(frequently by performing graphical in- 
terpolation). This is laborious and still 
does not answer the question, “How large 
should this co-efficient be to be signifi- 
cant?” 

For practical use, the teacher is not 
concerned with the actual value of this 
co-efficient—he need only know that it is 
high enough to be significant, or to indi- 
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cate excellent discrimination. If such in- 
formation can be obtained with little 
effort, it will be used far more frequently 
than an exact value that can be obtained 
only with relatively great effort. It there- 
fore seems worthwhile to propose a simple 
method which can be used to select items 
which have a high probability of showing 
good (or excellent) discrimination in fu- 
ture tests. This method will not offer 
proof that the remaining items should be 
discarded. This is impossible, both from 
a logical and a statistical standpoint. 
Careful consideration of such items be- 
fore their re-use, however, is definitely 
indicated. 
Development of the Proposed Technique 
Families of curves showing the value 
of the tetrachoric co-efficient or correla- 
tion as a function of the per cent of 
students in the upper half who answer 
an item correctly (Pu) and the per cent 
of students in the lower half of the class 
answering the same item correctly (Pl) 
have been developed by Mosier and Me- 
Quitty *? and improved by Adkins.® 
These curves are plotted letting the 
ordinate represent the percentage of the 
upper 50% passing an item and the 
abscissa the percentage of the lower 50% 
passing the item, each increasing from 0 
to 100%. The curve corresponding to r 
= 0.00 is the diagonal passing through 
the origin; all curves representing posi- 
tive values of r are above this line, sym- 
etrical about the other diagonal, and 
increasing in curvature and in the dis- 
tance of their midpoints (falling along 
the second diagonal) from the midpoint 
of the curve for r= 0.00 (as r approaches 


2 Mosier, Charles I. and MeQuitty, John 
V., ‘Methods of Item Validation and Aba- 
cus for Item Test Correlation and Critical 
Ratio of Upper-Lower Difference.’’ Psy- 
chometrica, Vol. 5, No. 1, March 1940, pp. 
57-65. 

3 Atkins, Dorothy, ‘‘Construction and 
Analysis of Achievement Test,’’ U. S. Gov- 
ernment Printing Office, Washington, D. C., 
1947, 
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1 the curves approach co-incidence with 
the left and upper sides of the square 
making up the chart). If, on the curve 
for any value of r, a tangent is drawn to 
it at 45° to the horizontal, the equation 
of this line will be in the form Py = Pp) 
+ Cr where Cr is the point where this 
line intersects the ordinate. 

Rewriting this equation as Pu — Pp 
= Cr and remembering the straight line 
described by this equation is at no point 
lower than its corresponding curve for r, 
it is obvious that if Pu — Pl is equal to 
or greater than Cr, the corresponding 
value of the tetrachoric 
efficient must be greater than the value 
of r. 

Obviously the value of Cr will be a 
function of r, and this function ean be 
determined empirically. 

Better still, the data can be trans- 
formed into equations involving the actual 
number of students (N), the number in 
the upper group (U) (as measured by 
the whole test) who answered the item 
correctly, and the number in the lower 
group (ZL) answering the item correctly. 
These equations are of the form U-L 
= Kr X N, where Kr=f (R) determined 
empirically. 

The remaining problem consists of de- 
termining appropriate values of r (and 
therefore Kr) as criteria of the discrimi- 
nating ability of an item. 

These criteria were chosen by 
trarily defining the discriminating power 
of an item as good when it was sig 
nificantly greater (at the 2 sigma level) 
than 0.1; as excellent when it was sig- 
nificantly greater (at the 2 sigma level) 
than 0.3. 

Since the value of the standard devia- 
tion of the tetrachoric co-efficient of cor 
relation is known,‘ and is a function 0! 
the value of r and the number of observa- 
tions in the sample, critical values ol 
U-L for the desired criteria are readily 
obtainable as a function of N. These 

4See Peters and Van Voorhes, ‘‘Statisti 
eal Procedures and Their Mathematical 
Bases,’’ page 372, McGraw-Hill, 1940. 
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Fig. 1 


were obtained using graphical methods, 
and the continuous curve obtained was 
transformed into the discrete values ap- 
pearing on the proposed form. 


Use of Proposed Form 


In order to make the application of the 
technique developed as simple as possible, 
the form shown as Fig. 1 was developed. 
While a deseription of the use of this 
form is necessarily somewhat involved, 
its actual use will be found to be quite 
simple. 

The following instructions for use of 
this form have the virtue of completeness 
if not that of brevity: 

1. Score the test papers in the usual 

manner. 

a. All correctly answered items must 
be clearly marked right and/or 
all incorrectly answered items 
clearly marked wrong. 


2. Divide the test papers into an upper 
half and a lower half on the basis of 
their total seores. 


. If there are an uneven number of 
papers, omit the median paper. 

. If the median score appears on 
several papers, assign one half of 
these at random to the upper 
group and the other half to the 
lower group. 


3. Fill out columns (b) and (ce) on the 
form by tallying the correct answers on 
each successive paper; first for the upper 
group and then for the lower group. 

4. For each item, enter in colunm (d) 
the difference between those in the upper 
half getting the item correct and those 
in the lower half getting the item correct 
(column (b)—column (c)). 

Note that some of these results may be 
negative. 

5. In the column headed “Minimum 
values for (¢)” cirele the number cor- 
responding to the total number of tests. 
(For example, if there were 33 tests, 5 
and 7 would be circled.) 

6. If the value for an item shown in 
eolumn d is negative, place an x in the 
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column headed “poor”; if the value is 
positive but less than the value circled 
above “good” place an x in the column 
headed (?); if the value is as great as 
the value circled above “good” but less 
than the value circled about “excellent” 
place an x in the column headed “good”; 
if the value is as great as or greater than 
the value circled above “excellent,” place 
an x in the column headed “excellent.” 

7. In analyzing the results shown by 
this form, items marked x under “poor” 
are probably poor; those with x under 
(?) are dubious; those with x under 
“good” probably show good diseriminat- 
ing ability, and those with an x under 
“excellent” are those rare items which 
almost certainly discriminate well between 
superior and inferior abilities. 

8. To obtain a rough item difficulty 
analysis, the total number of correct re- 
sponses for each item (obtainable by 
adding the values shown in column (b) 
and column (¢)) should be entered in 
column (e). Class limits for each 20 
percentile range of item difficulty are 
obtained by entering the values for 0.2, 
0.4, 0.6, 0.8 and 1.0 times N in the ap- 
propriate spaces. 

9. For each item a check should then 
be placed in the item difficulty chart in 
the column bounded by the correct class 
limits. 

10. The number of checks in each 
column should be totalled; ideally, these 
should be the ratio of 1:2:2:2:1 reading 
across the page. Any marked deviation 
from this ideal serves to indicate the 
direction of potential improvement of 
subsequent similar tests. 


Limitations of the Proposed Form 


There are two types of limitations to 
be recognized in using this proposed 
method for evaluating items. The first 
are those intrinsic in the basie theory, the 
second, those imposed by the approxima- 
tions employed in this method. The first 
can well be sumarized in the quotations 


from Hawkes, Lindquist, and Mann’s 
“Construction and Use of Achievement 
Examinations” which follow: 
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“, . . to use the total seore on the tes 
itself as the criterion against which the 
constituent items are evaluated only op. 
ables one to select those items in a tes 
that are individually most effective jy, 
measuring whatever the test as a 
is measuring. If the test as a whole is yot 
valid, if it happens to be measuring the 
wrong thing, then the selection or eliming 
tion of items on this basis would only 
make the revised test a more reliable 
measure of the wrong thing; i.e., the test 
would become more reliable as it becomes 
less valid... . An index of diserimina- 
tion, therefore, should be used with par 
ticular caution ... where the 
employed is the total score on the test 
itself. It may be of considerable value, 
in such situations, in identifying itens 
that contain structural or technical im 
perfections, but it is a dangerous basis 
upon which to eliminate an item if the 
content of that item is acceptable in 
terms of other logical considerations” 
(pages 51, 52). 

“. ,. it should be noted that the nu- 
merical value of the index of discrimi- 
nation is not directly proportional to the 
desirability of an item for inclusion in a 
general achievement test. . . In gen- 
eral, the best procedure seems to be to 
use the index of discrimination solely as 
a means of identifying seriously defective 
items, i.e., those with negative or very 
low indices, but not to employ it as a 
means of choosing between items showing 
reasonably high positive indices—the 
choice in the latter case to be based pri- 
marily upon logical rather than statistical 
consideration” (page 54). 

The chief limitations imposed by the 
approximations used are: 


Whole 


criterion 


1. As in any method based on signiti- 
cant differences, the results of this tecl- 
nique will enable the user only to state 
that certain items show a significantly 
good or excellent discriminating ability. 
Many of the remaining items might, 1! 
a larger sample were available, also prove 
to have good discriminating ability—but 
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this eannot be known unless more data 
are available. 

9, The approximations on which the 
tests for diseriminating ability have been 
designed are on a “fail-safe” basis. 
Stated another way, the criteria selected 
are, in many eases, more severe than 
would be demanded by more laborious 
exact methods. They are never less se- 
vere. These eriteria are particularly se- 
vere from those items which are answered 
correctly by 
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a. 90% or more of the upper group 
b. 10% or less of the lower group 


3. The item difficulty analysis gives 
only a rough picture of the range of 
difficulty of test items. If there is a 
marked preponderance of checks in one 
or two of the colunms, future attention 
should be given to writing items that 
will fall in the other ranges if a test 
is desired that will discriminate well be- 
tween all levels of ability. 


In the News 


Thomas H. Chilton, Technical Director, 
Engineering Department of E. I. du Pont 
de Nemours & Company, has been named 
new Chairman of the Engineering Man- 
power Commission of Engineers’ Joint 
Council. Formerly serving as President 
of the American Institute of Chemical 
Engineers in 1951 and then as Vice Presi- 
dent of Engineers’ Joint Council in 1925, 
Dr. Chilton has been active in the profes- 
sion since graduating from college. Dr. 
Chilton graduated as a Chemical Engineer 
from Columbia University in 1922 and, 
after working in research, joined the E. I. 
du Pont de Nemours & Company in 1925 
where he rose through the ranks to his 
present post. 


Reginald James Seymour Pigott has 
been elected President of the Engineers’ 
Joint Council. Mr. Pigott, former Presi- 
dent of The American Society of Mechan- 
ical Engineers who is presently a consult- 
ant to the Gulf Research and Development 
Company, was recently retired as Chief 
Engineer, Director of Engineering Divi- 
Gulf Research and 


Company in charge of engineering re- 


sion, Development 


search. He graduated from Columbia 
University with a degree in Mechanical 
Engineering in 1906, returning a few 
years later to teach as professor of steam 


engineering. 





Where Is the Challenge? 


By J. F. LEE 


Associate Professor of Mechanical Engineering, University of Maine * 


The increasing loss of promising or 
clearly established engineering educators 
to permanent positions in industry repre- 
sents a trend with grave implications for 
the future of engineering education. Re- 
placements of equal capability are becom- 
ing progressively more difficult to find, 
and there is, of course, little assurance 
that the replacements themselves will re- 
main in the profession for long. Since 
this condition appears to be widespread, 
it is worthy of the most critical examina- 
tion. Should the trend continue or take 
a turn for the worse, it is apparent that 
eventually there will be a general di- 


lution of the quality of engineering in- 


struction. The difference which exists be- 
tween academic and industrial salaries is 
blamed entirely by the casual observer 
who resigns himself to a situation for 
which little relief’ ean be forthcoming 
in the foreseeable future. However, a 
more studied observation reveals that far 
more compelling factors than that of 
salary alone are involved in the ultimate 
decision of the engineering educator to 
leave the teaching profession. 


Views of Former Educators 


Beyond doubt, a great deal can be done 
outside of salary matters to provide a 
solution to this most real and serious 
problem in the opinion of engineering 
educators from various parts of the 
country who had recently left the teach- 
ing profession. Without exception, the 
former engineering educators interviewed 
readily admitted they had entered engi- 
neering education with the full expecta- 


* Now at North Carolina State College, 
Raleigh, N. C. 
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tion that the salary scale would be lowe: 
than that of industry. Some had even 
left industry for lower paying teaching 
positions. But they had expected teach 
ing to offer advantages outweighing th: 
financial considerations. Clearly then, 
something had happened in these cases 
to disturb the balanee. Further examina 
tion revealed that in most instances th: 
fault could be found in the complete o: 
partial failure of the profession to pro- 
vide the expected advantages. What ad 
vantages these men expected but did not 
find ean be generalized by the following 
statement. Engineering teaching was ex 
pected to be an exciting and challenging 
experience providing a genuine feeling 
of accomplishment, requiring responsible 
decisions, and affording ample time and 
opportunity for professional development. 
Instead, engineering teaching was foun 
to be a dull and slavish routine, stifling 
to the imagination and equally frustrat- 
ing to creative ambitions, devoid of se 
rious responsibility, and, in the final 
analysis, leaving nothing to the individual 
teacher but a feeling of growing in- 
competence as an engineer. It should 
be emphasized that the two preceding 
statements represent a composite view ot 
the group interviewed. Nevertheless, 
enough of the elements were evident in 
any single ease to make the statements 
fairly characteristic. One must agree that 
what was expected of the profession was 
reasonable and indeed desirable.  Cer- 
tainly engineering teaching has the in- 
herent capacity to fulfill all that was 
expected of it by these former teachers 

Much. was said by the people inter- 
viewed about the need for time and op- 
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portunity for professional development. 
Therefore, it appears appropriate to re- 
view in what ways it was expected that 
professional growth could be attained. 
The means selected varied widely among 
the persons interviewed. Among those 
means stated were: research, keeping 
abreast of current developments in the 
field of major interest by extensive read- 
ing, part-time engineering practice, con- 
tributions to the professional journals, 
textbook writing, improvement of peda- 
gogy, and participation in the activities 
of the professional societies. It will be 
recognized that all of these means pro- 
vide tangible evidence of one’s profes- 
sional growth—a rather significant ob- 
servation. 

In seeking the causes for the disillu- 
sionment in engineering teaching, it be- 
comes painfully evident that lack of re- 
sponsibility and lack of time and op- 
portunity for professional growth were 
the primary ones. All the disillusioning 


aspects of engineering teaching appeared 
to be either indirectly or directly trace- 


able to these primary causes. 

As for responsibility, it was felt that 
engineering teaching certainly did offer 
many responsibilities. The difficulty ex- 
isted in the fact that the teacher was not 
permitted to assume responsibilities that 
are rightfully his. Often the individual 
teacher had no voice in formulating aca- 
demie policy. In some instances, the eur- 
riculum and even the course contents 
were dictated by the department chair- 
man without even so much as consulting 
the faculty concerned. Sometimes teach- 
ers were arbitrarily assigned to teach 
courses without consideration for their 
interests and talents. In.an extreme case 
a teacher might find himself assigned to 
teach a course in which he was not at all 
interested merely to plug a hole in the 
teaching schedule. Obviously, such prac- 
tices cannot foster a feeling of responsi- 
bility on the part of the teacher. 

Closely related to responsibility in en- 
gineering teaching is that of professional 
growth. Whatever the means selected for 
professional growth, it is evident that 
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time is a condition precedent to its achieve- 
ment. In this connection, the 
roundly condemned detriment to profes- 
sional growth is that of loading the 
teacher with an excessive teaching sched- 
ule both in point of hours, number of 
students and numbers of courses. This 
practice is objectionable because it leaves 
the teacher little or no time for profes- 
sional development. Where excessively 
large classes are involved and no assist- 
ance provided, the routine chores ineident 
to teaching absorb such a disproportionate 
amount of the teacher’s time that the joy 
of the classroom experience is largely ob- 
With time at such a premium, 
there appears to be a common tendency 
to neglect reappraisal of course objectives 
and for the course work itself to settle 
down to a lifeless routine. It is not too 
difficult to understand that under such 
conditions teaching becomes a dull and 
slavish routine stifling to the imagination. 


most 


seured. 


Views of the Writer 


Much can be done by engineering 
schools to reduce teaching loads even 
when financial conditions do not permit 
increasing the staff. This can be done 
by a eritical examination of the entire 
eurriculum with a view to eliminating 
some courses and consolidating others. 
This should be done with the attitude of 
increasing the quality of teaching at the 
expense of the quantity. Aside from the 
core curriculum, some courses are found 
in the curriculum only because tradition 
places them there. Perhaps these should 
be eliminated. Often a large number of 
elective courses are offered. Perhaps this 
is a luxury in which the institution is 
not financially equipped to indulge. 
Some courses overlap each other so that 
consolidation into a single course may be 
feasible. Again, a course may meet five 
times per week when the course objectives 
can be adequately met in three meet- 
ings per week. In some instances it 
may be entirely feasible to consolidate 
two or more divisions or sections of the 
same course into a single division. A 
part-time assistant could be provided to 
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reduce the burden of checking homework, 
ete. if the resulting division includes a 
great many students. Laboratory and 
shop courses should be carefully seruti- 
nized. These courses represent a consid- 
erable investment in building, machinery, 
equipment, and materials which, many 
times, is inconsistent with the returns. 
This is particularly true of shop courses 
and to some extent laboratory courses 
where the object is to test heavy ma- 
chinery. 

The result of incorporating such 
changes would be a reduction in contact 
hours both for teacher and_ student. 
This reduction would be beneficial to both 
since the student would have more time 
to spend on the courses taken, and, simi- 
larly, the teacher would have more time 
to improve the quality of his teaching. 
With more time to spend on his courses, 
the student can be expected to show a 
higher standard of performance. There- 
fore, though the number of courses would 
be reduced, the quality of learning and 
teaching would be greatly improved. 
This would seem to be a much better in- 
vestment of available funds and time. 

With time available, most of the means 
to professional development may be pur- 
sued by the engineering staff. It would 
be a rare individual who could follow all 
of the avenues available. However, a 
forceful staff could be expected, collec- 
tively, to take advantage of every means 
at their disposal. Therefore, some re- 
search, part-time engineering practice, 
and participation in the activities of the 
professional societies should be going on. 
To carry on these phases of professional 
development, the opportunity as well as 
the time must be provided. 

Research for student and faculty par- 
ticipation should not only be encouraged, 
but financially supported by the institu- 
tion. A large appropriation is not al- 
ways necessary for fundamental research 
and the rewards in the way of vitalizing 
teaching more than repay any expendi- 
ture made. It must be stressed that re- 
search should not be regarded as a faculty 
hobby, but as an essential third dimen- 
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sion to teaching and learning. A syeve. 
ful program of fundamental resear:|) yw; 
create opportunities for sponsored » 
search. 


Consulting Work 


Part-time engineering practice give. 
perspective to engineering teaching }y 
sides assisting the faculty members finan 
cially. This is highly desirable when 
few members of the staff have had yp- 
sponsible experience in industry prior to 
entering teaching. Obviously, such part- 
time engineering practice should not be 
permitted to encroach on academic duties, 
but a reasonable amount is highly bene- 
ficial to the staff. Where opportunities 
for engineering practice are limited, 
much improvement can be realized if the 
institution itself makes a concerted effort 
to attract such work for interested staff 
members. 

Participation of staff members in the 
activities of the professional societies 
should be encouraged and financially sup 
ported by the institution. This is not to 
suggest that the dues of staff members 
be paid by the institution, but attendance 
at a national meeting of at least one 
professional society yearly and local meet- 
ings might be profitably underwritten. 
These meetings afford an excellent op- 
portunity for teachers to exchange ideas 
with other people in engineering. This 
exchange brings fresh ideas and concepts 
to the campus. Many ideas for improving 
teaching techniques, broadening of out- 
look, improvement of course objectives 
and gaining of professional recognition 
are a direct reward for participation in 
professional society activities. It is clear 
that the institution itself also shares in 
these rewards. 

The survey showed a need for active 
responsibility on the part of the engineer- 
ing educator. It is a grave indictment 
of the teaching profession that these 
former educators, in their experiences, 
were not permitted to assume serious re- 
sponsibilities. Certainly professional re- 
sponsibility is a distinguishing attribute 
one expects to find in any true profession. 
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in the denial of profes- 


Furthermore, 
sional responsibility lies the cause of 
which the other dissatisfactions enumer- 


ated are merely the effects. Given re- 
sponsibility, a faculty is in a much better 
position to work out its own salvation, so 
to speak. 

One might well ask then what specific 
responsibilities should be given to the 
faculty. Space does not permit a de- 
tailed discussion of the collective and in- 
dividual responsibilities which should be 
given faculty members. Generally speak- 
ing, the faeulty should be given full re- 
sponsibility in those areas in which it is 
collectively most competent to exercise 
responsibility and in those other areas 
essential to maintaining complete freedom 
of expression and action. Full faculty 
responsibility is needed in determining 
the objectives of the various disciplines 
of study, the curricula for attaining these 
objectives, and the development and effi- 
cient use of faculty talents in supporting 
the curricula. In order to maintain com- 
plete freedom, the faculty must be re- 
sponsible for determining its own mem- 
bership, emoluments, promotions and the 
apportionment of available academic 
funds. 
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Conclusion 

Engineering teaching offers a clear 
challenge when it is recognized that the 
engineering educator is both engineer and 
teacher. 
cannot grow as an engineer, it is inevitable 
that he will fail as a teacher. The chal- 
lenge becomes increasingly more clear in 


When the engineering educator 


the mission of engineering edueation to 
develop in students intellectual curiosity 
and engineering skill, a desire to accept 
broad responsibilities, the ability to think 
analytically and critically, inventiveness, 
a true sense of values and human under- 
standing. To recognize this challenge, 
the engineering educator must experience 
it in his own life and to meet the chal- 
lenge he must continue to grow in pro- 
fessional stature all of his life. To stand 
still is to fail. 
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First lowa Thermodynamics Symposium 


Recent developments in thermodynam- 
ies will be considered at the First Iowa 
Thermodynamies Symposium to be held 
April 27 and 28, 1953 at the State Uni- 
versity of Iowa at Iowa City. The sym- 
posium will deal in particular with proe- 
esses involving heat and mass transfer. 
Applications of the topies to be diseussed 
will be found in the fields of jet engines 


and many other phases of gas dynamics. 
The symposium is designed for persons 
in the academic field and in industrial re- 
search engaged in advanced thermody- 
namie¢s. 

For further information write to 
Dean Francis M. Dawson 
College of Engineering 
State University of Iowa 
Iowa City, Iowa 





Subject Admission Requirements of 
Engineering Colleges* 


By M. I. MANTELL 


Chairman, Department of Civil Engineering, University of Miami 


The eatalogs of 126 engineering col- 
leges were used by the writer to tabulate 
the subject admission requirements dur- 
ing the years 1949-50 and 1950-51. 

* Presented at the Annual Meeting, South- 
eastern Section, American Society for En- 
gineering Education, April 11, 1952, Clem- 
son College. 


TABLE I 


Totat PrescriBED ENTRANCE UNITS 
ENGINEERING COLLEGES, 1949-51 
(126 Institutions) 








Number of Units 
Prescribed 


0.0 
2.0 
2.5 
3.0 


Number of 
institutions 





wre ow 


or 


wh w 


wo Bed: 


_ 
mm 


Total 126 Median 8.1 
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These data are summarized in Tables I 
and II. Required units which were speci 
fied to be from one or more of several 
broad fields of study of from a choice 
of more than two subjects were not listed. 
Institutions allowing a choice of two sub- 
jects were not included in the zero unit 
column of either subject. . 

The trend in entrance requirements 
from 1895 to date shows a considerable 
change in the number of different sub- 
jects being specified, the number decreas- 
ing from approximately fifty-three to 
thirteen. Of the more common entrance 
subjects, algebra has shown very little 
change in the percentage of institutions 
requiring it during the approximately 
fifty year period. The subjects of physics, 
drawing and social studies have shown a 
gradual decline, since 1895, in the per- 
centage of institutions requiring them. 
The percentage of institutions requiring 
plane geometry, solid geometry, chemistry, 
English, and foreign languages was higher 
in 1924-25 than in 1895, but decreased 
again by 1949-51; the sharpest decrease 
being in foreign languages. Trigonometry 
was the only subject showing a gradual! 
inerease during the entire period. 

In terms of Carnegie units, the median 
number of prescribed units has decreased 
from 9.1 in 1924-25 to 8.1 in 1949-8]. 
One institution presently sees fit to pre- 
seribe the entire high school program, 
thereby increasing the range of number 
of units prescribed from a range of 5 to 
13.5 in 1924-25 to a range of zero to 10 
at present. 
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TABLE II 
SumMARY OF ENTRANCE REQUIREMENTS FOR ENGINEERING COLLEGES, 1949-51 
(126 Institutions) 


Plane Geometry 

Pl. Geom. or Adv. Alg. 
Algebra 

Adv. Alg. or Sol. Geom. 
Solid Geometry 

Sol. Geom. or Trig. 
Trigonometry 

Trig. or Adv. Alg. 
Physics 

Physics or Chem. 
Chemistry 

Biological Science 
General Science 
Science* 

Science or For. Lang. 
Foreign Language 
For. Lang. or Soc. St. 
Social Studies 
Drawing 

English 

Health-Phys. Educ. 





* Required units in addition to other science, when others are specified. Thirty-three per 
cent of the institutions do not require any type of science. 


Articulation of High School and College 


A tabulation of subject 
requirements becomes far more meaning- 
ful if it is also possible to determine to 
what extent the admission requirements 
are articulated with the college work in 
each institution. The extent of this articu- 
lation may become more apparent if ref- 
erence is made to certain college courses 
related to the high school courses required 
for admission. Table III shows a sum- 
mary and comparison of the high school 
entrance and related college course re- 
quirements. 

From this table it appears that trigo- 
nometry is the subject which the colleges 
believe can be most effectively taught at 
the high school level; that is, sixty-five 
per cent of the forty institutions re- 
quiring high school trigonometry show 


admission 





0 : 0 
0 0 0 
0 ‘ 65 19 
0 0 0 


their satisfaction with the high school 
treatment of the subject by not requiring 
it at the college level. 

High school algebra is accepted, with- 
out college algebra, by forty-one per cent 
of the thirty-four institutions requiring 
two units of algebra for admission. The 
other entrance subjects (except plane and 
solid geometry, which are not given for 
college credit) are required, by the great 
majority of the institutions to be taken 
at the college level regardless of whether 
or not they were taken in high school. 
In some few instances special sections, 
carrying a smaller number of college 
credits are indicated for students having 
the high school subject; a few institutions 
indicate that special examinations may be 
taken which, if passed, may substitute 
for the college course. 
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The institutions which are willing to 
accept high school courses in algebra 
and trigonometry without their college 
equivalent tend to be those institutions 
which can be highly selective in admis- 
sions. However, none of these institutions 
will accept high school chemistry or 
physics in lieu of their college equivalents ; 
nor do those institutions requiring high 
school physics and chemistry tend to re- 
quire less semester hours in college, as 
may be noted from the range of credits 


shown in Table ITI. 


Evaluation Of Admission Requirements 


The records of 190 engineering students 
at the University of Miami were used in 
attempting to evaluate the subject ad- 
mission requirements which would be most 
likely to affect success in the engineering 
school. Comparison of the college grades 
of matched pairs of students, one who 
had not and one who had taken the par- 
ticular high school subject, were used as 
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the measure of relative contribution 4; 
each entrance subject towards success }; 
the engineering school. The pair 
students were matched initially by 
equivalent percentile scores made on t)y 
American Council on Education Psyehy 
logical Examination for College fresh 
men. Grade point numbers of five for 
A, four for B, three for C, and two fo 
D and one for F were used. 

These data are shown in Table [VY 
The highest critical ratio of 2.67 was jy 
the instance of chemistry—indicating 
superiority (significant at the one pei 
cent level) of those students 
with high school chemistry. 
entering with high school advanced 
algebra showed a superiority (significant 
at the three per cent level) in college 
algebra. Similarly students entering with 
high school trigonometry, 
drawing and physies tended to make 
higher grades than those without the 
high school background for the equivalent 


entering 


Students 


mecha nical 


TABLE III 
SUMMARY OF COLLEGE ENTRANCE AND RELATED CouRSE REQUIREMENTS 
(126 Institutions) 











Subject (H. 8S. Units) No. Instit. 


Instit. Req. in Coll. 
Range of Coll. 





Require 


Sem. Credits 


Number Per cent 





Algebra (0) 
Algebra (1) 
Algebra (14) 
Algebra (2) 
*Trigonometry (0) 
Trigonometry (4) 
*Physics (0) 
Physics (1) 
*Chemistry (0) 
Chemistry (1) 
Drawing (0) 
Drawing (1) 
English (0) 
English (2) 
English (3) 
English (4) 
*For. Language (0) 106 
For. Language (2) 17 
For. Language (3) 3 








100 
86 
90 
59 











* Includes institutions allowing a choice of subjects. 
. 
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TABLE IV 


SuspsecT COMPARISON OF COLLEGE GRADES 
(Matched by A.C.E. Scores) 


Grade Grade 
Pt. Mean Pt. Mean 
} With Without 
| H. 8. Course H. 8S. Course 


Critical 


College Course 
Ratio 


H. 8. Course 





Adv. Alg. 
Adv. Alg. 
Adv. Alg. 


Pl. Geom. 
Pl. Geom. 
Pl. Geom. 
Pl. Geom. 


Trig. 
Trig. 
Trig. 
Sol. Geom. 


Sol. Geom. 
Sol. Geom. 


Drawing 


Algebra 
An. Geom. 
Calculus 


Trig. 

An. Geom. 
Des. Geom. 
Calculus 


Trig. 
An. Geom. 
Calculus 


An. Geom. 
Des. Geom. 


Calculus 


Eng. Draw. 


3.32 
3.02 
3.36 


3.16 
2.96 
3.56 
3.50 


3.55 
3.07 
3.43 


3.84 


2.19 
0.98 
—0.23 


1.16 
1.00 
0.00 
—1.73 


1.50 
0.90 
| —0.75 
0.78 
2.07 


0.33 


Drawing Des. Geom. 
Physics 
Physics 
Physics 
Physics 
Physics 
Physics 


Physics 
D.C. Mach. 
A.C. Mach. 
Mechanics 
Thermo. 
Stren. Mat. 





Chem. Chemistry 





1.05 
3.47 0.38 


3.30 | 0.27 
3.23 | -0.16 
3.38 | 286 | 1.79 
338 | 3.19 | 0.83 
3.23 | 3.50 —0.90 
2.77 | 3.05 —0.88 








3.39 3.07 2.67 





basic college course—although the differ- 
ences were not very significant. 

However it is interesting to note that 
in most instances as the matched pairs 
moved into more advanced college work, 
the superiority of those with the high 
school background course decreased and 
even changed into the negative. Although 
the differences are not very significant, 
the data show such tendencies as students 
performing better in ealeulus for not hav- 
ing had high sehool trigonometry and 
worse in thermodynamies for having had 
high school physies. 

A biserial correlation between entrance 
subjects and all 2086 college courses 
evaluated resulted in a biserial r of 0.07; 
the biserial r for 986 courses above the 


freshman level was 0.01—which indicated 
practically zero correlation between en- 
tranee and college subjects. 

Such results seem inconsistent with 
what one would logically expect; how- 
ever, subjective discussions with many of 
the students and faculty involved revealed 
a possible explanation. The students with 
previous high school instruction, when 
finding themselves in the same college class 
as those without previous instruction in 
the subject, tend to become overconfident 
and rely too much on previous knowledge. 
There is a tendeney to slight the work 
as much as possible; repetition of much 
of the subject matter results in the course 
becoming tiresome, distasteful, and de- 
structive of interest—fostering careless 
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habits of work. The students without 
previous high school instruction usually 
found it necessary to take their work 
more seriously, found it of greater in- 
terest and developed good work habits— 
which might account for a superiority in 
the advanced work. 


Summary and Conclusions 


Historically, subject admission require- 
ments seem to have been those subjects 
which the colleges considered a necessary 
part of education, yet which could be 
handled adequately by the preparatory 
schools. Differences of opinion as_ to 
which subjects are a necessary part of 
education, differences as to which subjects 
can be done adequately by the preparatory 
schools, and the spontaneity of the de- 
velopment of American education, have 
resulted in the wide variation to be found 
in present subject admission require- 
ments. 

The 126 engineering colleges studied 
are apparently in complete agreement 
about five of the usual subject admission 
requirements being a necessary part of 
edueation; algebra, trigonometry, physics, 
chemistry, and English are required by 
every one of the colleges. They are, 
however, in considerable disagreement as 
to whether these same subjects should be 
taken in the high school only, college only, 
or in both high school and college. In all 
other listed entrance subjects there are 
disagreements as to whether or not they 
should be required at all, and if required, 
the location of training varies. Trigo- 
nometry and algebra are the only high 
school courses frequently accepted in lieu 
of the college equivalent; and these are 
accepted by only twenty per cent, or 
less, of the institutions whose catalogs 
were studied. 

The engineering colleges, having speci- 
fied admission requirements, do not seem 
to maintain a consistent policy in regard 
to the synthesis of the required high 
school courses with the college program. 
Certain engineering schools will require 
high school courses in some subjects and 
not require courses in these subjects at 
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the college level. The same school w; 
require other courses in both high scho 
and college; and require still other courses 
at the college level only, regardless oj 
whether or not the subject was taker 
high school. The engineering schools 
which have no specific admission requir 
ments are consistent; but consistency 
which apparently ignores or places litt) 
value on previous training is hardh 
sufficient. 
The engineering colleges, in all proba. 
bility, have found it diffieult to be con. 
sistent or liberal in their acceptance ot 
preparatory training because of the wid 
variations in the preparatory training and 
the usual emphasis in the preparatory 
schools on consumer instead of profes 
sional use of mathematics and science. 
There seems to be no objective evidence 
validating the subject admission require 
ments which have been established for the 
various engineering colleges. The evalua- 
tive data presented in this study repre 
sents the results as found in a 
institution; however, lacking contrary 
evidence, this data seems to allow the in 
ference that (as similarly has been shown 
by many studies of liberal arts college ad 
mission requirements) there are no par- 
ticular high school courses which lead to 
wards success in the engineering school. 
Engineering is based upon mathematics 
and the physical sciences, and an interest 
in and aptitude for these fields is im- 
portant if an individual is to be a su 
cess in the profession. However, there 
is little point in the individuals’ taking 
a full scientific program in high schoo! 
to the neglect of other courses at least 
equally important. It would seem de 
sirable for the engineering schools to 
advise entrance preparation with goals 
of: the building of a balanced back- 
ground of general knowledge, discover) 
of the fields in which the individuals’ 
interests and aptitudes lie, and a flexi- 
bility of program to allow the longest 
possible delay in making the final choice 
of, educational and vocational goal. 
There seems to be evidence indicating 
that it might be preferable to require th 


a 
single 
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secondary training to be primarily in eul- 
tural or general education, instead of the 
traditional entrance requirements empha- 
sizing mathematies and science. This 
would allow a depression of much of the 
non-technical portion of the engineering 
curriculum down into the high school, 
relieving the essentially crowded college 
program. 

While the nation faces such a serious 
shortage of students entering the engi- 
neering colleges it might be well to con- 
sider interest and aptitude, above high 
school background, in selecting the stu- 
dents for admission. It would be difficult 
to estimate the number of potentially 
excellent students who have been de- 
nied admittance to engineering colleges 
because their interest in engineering de- 
veloped too late for them to acquire the 
specified subject admission requirements, 
requirements based upon theories which 
apparently do not conform to fact. 


Further Studies Needed 


A study to determine the number and 
type of high school courses which would 


4oo 
most efficiently indicate interest in and 
aptitude for engineering. 

Additional experimentation on the 
feasibility of accepting high school courses 
in algebra, trigonometry, physics, chem- 
istry and drawing in lieu of their college 
equivalents; or of giving college level 
courses in these subjects in the high 
school (the original intention of admis- 
sion requirements). 

A study of repetition of subject matter 
This might be done 
effect of experimentai 
groups taking upper level courses with- 
out the usual prerequisite of the basic 
course. 

A study to determine whether or not 
adequate general education could be at- 


at the college level. 
by noting the 


tained by greater emphasis on general 
education in engineering college admis- 
sion practices, and by a more broadly 
integrated technical curriculum. 
Additional evaluative data of current 
admission practices at other institutions, 
similar to that Table IV, to 
supplement the data presented herewith. 


shown in 
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An Outline of Certain Processes of 
Reasoning in Research 


By HENRY JAMES MASSON 


Assistant Dean, Graduate Division, College of Engineering, New York University 


The tremendous growth of researeh in 
the last thirty years has directed attention 
to its organization, management, and pro- 
cedures. Because of the large sums of 
money, facilities, and personnel involved, 
and the desire to use these effectively and 
efficiently, examination and analysis of all 
procedures in use are constantly appro- 
priate. Although a substantial literature 
is developing in the area of the manage- 
ment of research and development, the 
strictly technical literature of the various 
experimental sciences is almost barren of 
specifie information concerning research 
procedures, except occasionally a vague 
reference to the scientific method without, 
however, amplification as to how it is used 
as part of the research process. How- 
ever, in the field of philosophy and logie, 
there is available an extensive literature 
on the scientific method, but compara- 
tively few students, planning a career in 
scientific research, elect courses in these 
fields as part of their formal training. 
When such courses are elected, there may 
develop a feeling of frustration or non- 
applicability of subject matter, due to the 
abstractness of treatment. Many of the 
more philosophical writers on the subjects 
are not experimental scientists, and as a 
result, their language, illustrations, and 
approach may seem unfruitful to the eager 
young scientist interested in research. 

Such frustration is neither necessary 
nor desirable. The modern concept of the 
scientific method, when properly consid- 
ered, includes a multiplicity of sequences 
from an awareness of a problem to be 
solved to its successful conclusion and con- 
stitutes a disciplinary and directive phi- 
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losophy of substantial value. We are 
concerned here, however, only with cer- 
tain complex reasoning 
their influence on the design of experi 
ments and the selection of an experi- 
mental path leading to the solution ot 
problem. 

Because of the appeal of research as a 
means of satisfying the curiosity of in 
dividuals and the desire to add to ow 
knowledge of man and his environment, 
an increasing number of individuals are 
entering the field and are beginning t 
learn something of its philosophy and 
practices. This paper has been prepared 
in order to stimulate more extensive study 
by this young group of the literature re- 
lated to the scientific method in general, 
and that of logic in particular, and at the 
same time, to present certain aspects o! 
the methodology of research from a fresh 
viewpoint. Although these remarks are 
directed principally to this new group, 
the experienced investigator may find here 
and there a point of interest or basis 
for reflection. An effort has been made 
to winnow some fundamental principles 
from a vast amount of material and estab- 
lish a framework for use in the design of 
experiments. It has been undertaken with 
apprehension, because of its departure 
from the standard presentation and _ the 
somewhat unrestrained interpretation and 
application of classical concepts. Certain 
ideas will be presented by means ot! 
arbitrary, diagrammatic representations, 
which have been introduced, because 
most researchers have high structural 
visualization, and, therefore, may give 
clarity to the subject. 


processes and 
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Instances and Their Treatment 

All fields of knowledge employ certain 
terms to deseribed particular concepts. 
Various expressions from the field of 
logic will be used frequently and defined 
as they occur. One of these, of immediate 
interest, is the term “instances,” which may 
be defined as any single fact pertaining to 
a thing, a physical or chemical property, 
an attribute, or event, which may be in- 
vestigated scientifically and used to form 
an hypothesis or theory. A related num- 
ber of instances may be grouped so as to 
form a phenomenon, or several groups 
combined to give the phenomena. 

Through chance observation and as the 
result of designed experiments man has 
learned various faets. Over the course of 
time, these facts have been verified, ex- 
perimentally or otherwise, and allowed to 
aceumulate to form a reservoir or store- 
house of knowledge. It is from this ac- 
cumulation that man, by varying degrees 
of sagacity, has chosen those single in- 
stances, or combination thereof, which in- 
tuitively he suspects will lead to a solution 


of a problem. 


Classification 


Among the various traits which char- 
acterize investigators is the desire for 
classification—the ambition to bring order 
out of apparent confusion and establish 
a basis for convenient use and under- 
standing of facts and their relationships. 
The desire for an orderly arrangement of 
facts—a form of “factual tidiness” is in- 
herent in the make-up of the true scientist 
who wants to have his knowledge organ- 
ized in a readily available and usable 
form. Neatness and apportionment are 
essential to the peace of mind of the sci- 
entist, so that his reasoning processes will 
be unencumbered by any disturbing dis- 
array. Scientists are not content with 
facts when seen in isolation. 

A mere collection or accumulation of 
instances—facts—does not constitute a 
science any more than a pile of bricks is 
a house or other useful structure. Since re- 
search is a form of human action which re- 
sults usually in the discovery of new facts, 
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a sound and fruitful method must be 
found to group, or bind, the facets together 
for useful purposes. The aptitudes of the 
investigator are concerned not only with 
discovering new and isolated facts, but 
should go beyond, and be so developed as 
to extend to the perception of wholes or 
patterns and consequences thereof. 

As classification is an important element 
of reasoning in research, a few comments 
may be helpful to indicate its significance. 
Classification is a mental process carried 
out by an individual and consists of notie- 
ing or detecting certain similarities in at- 
tributes or qualities of things or phenom- 
ena considered in determining the elassifi- 
cation. Or, classification may be described 
as the process of recognizing or identify- 
ing at least one trait or point of similarity 
shared in common by a number of. in- 
stances or phenomena, and mentally as- 
sociating these in a single group or class. 
The system of classification used may be 
based upon established or acceptable con- 
cepts or a working definition tentatively 
postulated for purposes of exploration. 
A classification may be depicted by a di- 
agram, chart, figure, or in tabular form, 
as, for example, in the Periodic classifiea- 
tion of the chemical elements. 

In making the classification, an ap- 
praisal of value may be applied. It is 
rated of high value if there are many 
significant points of similarity and of low 
value if there are only a few similarities. 
The more points of similarity the more 
homogeneous and satisfactory will be the 
classification. 

It is a matter of common knowledge 
that some individuals, on rare oceasions, 
and more frequently in the case of ex- 
perienced investigators, have the uncanny 
faculty to select, from a vast array of 
diversified instances, those having certain 
common similarities and bring them into 
a given classification. In some eases, 
based upon their selections and reflections, 
prediction may be made of what will 
probably be observed in a designed ex- 
periment or indication of the path to be 
followed toward the solution of a given 
problem. Apparently, detecting similar- 
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ities or likenesses is, in some aspects, more 
difficult than recognizing dissimilarities. 
In any ease, the attempt to establish order 
among facts is a difficult task at which 
few succeed significantly. It eannot be 
reduced to a set of procedures which, 
when faithfully followed, will guarantee 
success. Classification will be considered 
later as part of the process of hypothesis 
formation. 


Preliminaries to Experimental Research 


A number of preliminary procedures 
are usually involved prior to the physical 
design of any experiments as, for ex- 
ample, the application of dimensional and 


statistical analysis. We are concerned at 
this point, however, only with certain pro- 
cedures which usually come before the ap- 
plication of these important mathematical 
tools. One of the first steps in a research, 
in which the objective is clearly defined, 
is to determine which elements of the solu- 
tion are available in the literature, but 
have not as yet been correlated or treated 
as part of the approach to the solution 
of the designated goal.. The procedure to 
be immediately described applies partic- 
ularly to the individual who is just about 
to begin his first research and who, al- 
though well grounded in the fundamentals 
of the broad field of the research, has not 
worked sufficiently long in the limited 
area of the research to have become fa- 
miliar, as part of his working knowledge, 
with the particular instances that are in- 
volved. 
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It is well to realize that, the purpose «; 
carrying out an investigation is has 
upon the desire to add to knowledge, 
respective of whether or not the resyl 
are to be applied immediately or perhaps 
in the future. In any ease, the researche; 
is operating at the frontiers of knowledy: 
and hopes, through a successful solution, 
to expand a limited 
frontiers. 

One of the initial steps undertaken }y 
the researcher with a problem to invest; 
gate is that generally known as the “liter 
ature search,” the mechanies of which m: 
be represented graphically as follows 


yy 


hes 


portion of thes 


Unknown Ko. 


In Fig I-A, the solid line xy represents 
an arbitrary designation separating the 
area of knowledge, represented by crosses, 
from the unknown area. The dotted line 
Imn indicates a part of the unknown area 
circumscribed by the objective of the re- 
search. That is, if the investigation is 
successful, the new frontier of knowledge 
will be represented by a solid line xlmny. 
The boundary line xy is indefinite, located 
in a penumbra region and positioned by 
the skill (knowledge) and experience ot 
the investigator. The line Imn is more s0, 
the whole being a tentative arrangement 
for more solid construction. In Fig. 1-B, 
the instances from the known area, which 
the investigator suspects are part of the 
solution to the problem, have been trans- 
ferred in a purposeful manner to the pro- 
posed area of investigation and thereby 
to begin: the population of the region to 
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be added to knowledge. Fig. 1-C repre- 
cents a segregation of related instances in 
the new area, thereby disclosing, both in 
magnitude and nature, known portions 
and unknown gaps to be filled. In other 
words, as a result of a careful study of 
the literature, it is disclosed that what was 
thought at first to be an area of which 
nothing definite was known now reduces 
to one of which certain portions are more 
clearly defined and other areas which must 
be investigated experimentally to develop 
the necessary information for complete- 
ness and inclusion within the new fron- 
tiers of knowledge. 


Hypothesis Formation 
This leads to a consideration of certain 
mental processes related to the design of 
an experiment and selection of experi- 
mental paths toward the solution of the 
problem. Whereas the various processes 


of classification operate on a certain in- 
tellectual plane, the intensive exercise of 
the same general analytical aptitudes can, 
in certain groups of individuals, give rise 
to syntheses and inferences of importance 


through the processes of reflective think- 
ing and reasoning. In analyzing these 
processes, we may use a graphical ap- 
proach, but with objectives and conse- 
quences of an heuristic nature. 

It has been suggested that by means of 
classification a working basis may be 
established for extending the frontiers of 
knowledge. Occasionally, certain individ- 
uals, capable of varying degrees of signif- 
icant thinking, and under free will, eco- 
nomie and other pressures, have gone an 
important step beyond classification and 
through uneanny insight, sometimes re- 
ferred to as a flash of genius, discernedly 
take instances from this, that, or the other 
field, which, when fused together, result 
in a formulation which may be used as a 
basis for further exploration—the hy- 
pothesis. 

Although the term hypothesis is fre- 
quently used in research parlance, it is 
desirable to review briefly its formulation, 
significance, and importance in the se- 
quences of research procedures. An hy- 


pothesis is defined as a comprehensive but 
tentative interpretation of certain phe- 
nomena, to be considered as possibly true 
until there has been an opportunity, ex- 
perimentally or otherwise, to bring all 
related instances into comparison. The 
initial hypothesis, pending verification, 
may be regarded as a “working” hypothe- 
sis, so that it may serve for immediate 
purposes of correlation and suggestive of 
a method of solution of a given problem. 
It is a tentative guess, or a seaffold, to aid 
in the construction of a more permanent 
structure. 

A good hypothesis should: (1) bring 
together, in a simple manner, a given 
number of instances and interpret the 
connection between them; (2) be fruitful 

fertile—that is, suggestive of significant 
deductions which are testable; (3) be com- 
prehensible and not inconsistent. 

In describing the creation and use of 
hypotheses, several terms are used. Two 
of these, induction and deduction, present 
difficulties in defining, because of the com- 
plexities involved and the evolution of 
interpretation which has taken place over 
the course of time by many minds. Both 
are concerned with thought processes. In 
its simplest form “induction” may be de- 
seribed as the process of reasoning where- 
by a selected group of instances are syn- 
thesized into a hypothesis and “dedue- 
tion,’ the process whereby consequences 
are inferred from the hypothesis. On the 
basis of the foregoing, it has been ad- 
vanced that induction is the reverse of de- 
duction, but this is only true in the sense 
of convergence and divergence as illus- 
trated by what follows. Many thought 
processes are both in fact inductive and 
deductive, depending upon the point of 
view during interpretation. 

Classification has been treated as 
though it was an independent operation 
on the mind which stopped at mere clas- 
sification. Actually, in many cases, while 
the process of classification is in process, 
the mind is not only seeing relations be- 
tween instances, but also a possible in- 
terpretation of some phenomenon—that 
is, forming an hypothesis. The two opera- 
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tions may proceed simultaneously, so that 
in certain cases, particularly in new fields, 
the two processes are inseparable. 

The relation between the processes of 
classification, inductive reasoning, hypoth- 
esis formation, deductive reasoning, and 
inferences is shown graphically in Fig. 2. 

The above tends toward oversimplifica- 
tion. It is a condensation product which 
could readily be expanded to encyclopedic 
proportions. In the abridging process, 
certain concepts have been submerged and 
fine shades of meaning blended in the 
microdiagram. 

In any ease, it is not an expression of 
reasoning in the nature of a final product, 
but rather a mobile equilibrium product 
or condition in dynamic harmony with the 
state of knowledge at the time of formula- 
tion and the grasp of relations by the 
reasoner at the time of reflection. It con- 
sists of a multiplicity of reversible mental 
processes involving the sagacious selection 
and rejection of instances and conse- 
quences until a usable, consistent, fertile, 
and workable hypothesis is established 
which the mind (tentatively) feels is valid 


and which appears to give promise that it 
will be helpful in attaining the objectiy 
However, the type of mind we are descri) 
ing is probably never completely satistied, 
but continues the process of selection, 
sorting and joining facts (jig-saw fash- 
ion) in an attempt to construct a cou- 
posite picture in which all parts fit. On 
has no measure of the conscious or sub- 
conscious trials and errors which 
taken place on a mental blackboard ot 
some investigator until a flash thought— 
a mental leap (inductive)—points the wa) 
toward a simple formulation (hypothesis 
in which all relevant instances are har- 
moniously absorbed or consolidated. It is 
a method of approximation. Hypotheses 
are tentative and cannot, in many cases, 
be exhaustively verified. Therefore, the 
frequent use of the word “probable” in 
connection with hypotheses. 


have 


Reasoning Process 
In the beginning of the reasoning proc- 
ess, interchange of instances takes place 
between (1) and (2) (Fig. 2) until @ 
eombination or classification is attained 
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_which is amenable to inductive reasoning. 
The next procedure, resulting in a hy- 
pothesis, is represented by the interaction 


hetween (2) and (3). These operations 
or thought processes may proceed in- 
stantly, or extend over varied and some- 
times long periods, depending upon the 
complaeeney of the conceiver. However, 
such a mind, onee started, and perhaps in 
a state of mental momentum is not con- 
tended to stop at (3). Whether, as in- 
dicated, through an idea momentum or 
vision, one May suspect consequences of 
the generalization or hypothesis. This 
leads to the process of deductive reason- 
ing and the proliferation of consequences 
as represented by step (3) to (4). If, as 
the result of deductive reasoning, the conse- 
quences appear illogical, improbable, im- 
possible, unreasonable, or contrary to ex- 
perience and scientifie law, the mind (the 
true scientific and unbiased) re-examines 
each deduction, reasons and modifies the 
hypothesis, until eventually complete har- 
mony exists between (3) and (4). In this 
process, it may be necessary, and usually 
is, to examine all aspects. In other words, 
before the mind is satisfied, complete in- 
ferential agreement must exist between all 
phases and stable equilibrium prevails be- 
tween stages (1), (2), (3), and (4). 
Due to the limited comprehensiveness of 
the normal intellect, all consequences of 
an hypothesis are usually not deduced by 
a single mind and confirmed by recourse to 
memory. Additional significant deduc- 
tions may be suggested by co-workers. 
All consequences are, therefore, listed and 
confirmation sought in the literature or 
experimentally. This brings us to an im- 
portant observation. As the result of the 
foregoing treatment of instances, a new 
and unsuspected experiment to be tried 
may be indicated, or even a new field for 
research suggested. As indicated, a good 
q hypothesis should not only weld together, 
_ in homogeneous agreement, a given num- 
| ber of instances, but should also suggest 
| consequences of importance. Such conse- 
F quences, when confirmed experimentally 
| and their validity established, become in- 
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stances to be added to the storehouse of 
knowledge and form the basis for a fur- 
ther expansion of the frontiers of know]l- 
edge. 

The greater the number and impressive- 
ness of instances included initially, the 
broader and more fundamental will be the 
resulting hypothesis. If based upon a 
sufficiently comprehensive number of in- 
stances and confirmed by an adequate 
number of experimentally proven conse- 
quences, the initial “working hypothesis” 
assumes the status of a valid hypothesis, 
and upon further confirmation, gives rise 
to various theories. If, over a long period 
of time and exposure to testing, no ex- 
ceptions are found to a given relationship, 
a law of science may be formulated. 


Laws of Nature and Science 

A law of nature is an order or relation- 
ship detected in nature by some human 
observer based upon his investigations of 
an area of nature. It is a simple state- 
ment of faets, which may, in some eases, 
be expressed in mathematical form. The 
laws of science, in general, are not directly 
concerned with specifie things, but rather 
with abstractions from them. For ex- 
ample, the law of gravitation is concerned 
with the forces acting between bodies, but 
there are numerous physical and chemieal 
properties about which the law is silent, 
or uncommunicative. A law of nature is 
a summarization, or integration of a num- 
ber of facts, the relationship or signif- 
icance of which may be explained or elari- 
fied by a theory. 

The nascent hypothesis and deductions 
therefrom are, up to this point, the prod- 
uct usually of one mind with its limita- 
tions, inadequacies, and importantly, prej- 
udives. The originator, having exhausted 
all combinations and processes of reason- 
ing and confident of his conclusions, and 
having faith in the integrity and sympa- 
thetic understanding of his fellow workers 
and the mutual desire for the advancement 
of ‘knowledge, exposes and discloses the re- 
sults of his reasoning processes by publi- 
cation or otherwise. 
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Now the whole process begins anew. 
Compatible minds, interested and expertly 
familiar with the field of knowledge in- 
volved, dissect, analyze, reorient their 
views and allow an independent reasoning 
process free rein to evaluate the results of 
the creator of the new hypothesis. If we 
look upon the original hypothesis as rep- 
resenting equilibrium, we now find, unless 
all who study it agree with the premises 
and conclusions, that conditions (eriti- 
cisms) will be advanced which have the 
effect of disturbing the equilibrium, which, 
in turn, will result in a shift to a new 
equilibrium (modified hypothesis). The 
extent of the resulting modification of the 
original hypothesis will depend upon the 
nature of each criticism and the number 
of confirming investigations involved. If, 
in time, general agreement of a modified 
hypothesis is reached, the resulting prod- 
uct will probably be superior. 

Because of the interest developed, study 
of the hypothesis does not cease at this 
stage. Other minds, ordinarily not econ- 
cerned with the field of research repre- 
sented by the hypothesis, become inter- 
ested and see applications in their partic- 
ular field, and undertake investigations to 
determine its applicability. This transfer 
to another field may result in further 
modification. And so it will be seen that 
any hypothesis may undergo a sort of fis- 
sion process. 

At times, several rival hypotheses may 
be extant. Under these circumstances, a 
crucial experiment (experimentum crucis) 
is undertaken. It is a critically designed 
experiment to provide data with which 
one hypothesis is consistent and which is 
inconsistent with another. 

A given number of instances may be 
selected to constitute a particular field of 
knowledge. The number of such instances 
may be large. One investigator may 
choose a certain group of instanees and 
formulate an hypothesis while another in- 
vestigator may choose another group from 
the same field and formulate what appears 
to be a different and unrelated hypothesis. 
But this is not necessarily so. All the 
instances involved in each case came from 
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the same classification and from the py 
ture of the classification process must hay, 
had some characteristics in common. This 
leads to the suspicion that both hypotheses 
are related and may be integrated into 4 
single super-hypotheses. This develop. 
ment is illustrated by the contributions of 
Copernicus, Galilei, Newton, and EHinsteir 

There remains another situation which 
illustrates a still different mechanism of 
reasoning and which has been very fruit. 
ful as a means of formulating a working 
hypothesis to aid in the experimental de- 
sign of some investigation or establish a 
basis of explanation for consequences not 
verifiable experimentally. In the cases 
studied thus far, the conscious mind is the 
one considered as functioning. We must 
give some consideration now to the role 
of the subconscious mind, although the dis- 
tinction between the two is very indefinite 
In this discussion, the subeonscious mind 
is considered as exerting an effect when 
the body is completely dissociated from en- 
vironmental factors disturbing to thinking 
and engaged in the automatic operations 
involved in the performance of familiar 
actions. While in such a state, and i 
search for a solution to a given problem, 
instances may be assumed which are not 
found in any literature or recalled from 
memory, and with intuitive faith in th 
reasonableness of the assumptions, the 
mind proceeds inductively to create an hy- 
pothesis and deduce consequences. Thi 
consequences may be constructive or tfan- 
tastic. On the basis of such assumptions, 
substantial advances were made by earlier 
thinkers. This is illustrated by the kineti 
molecular hypothesis. 

The foregoing suggests another ap- 
proach to hypothesis formation. This 1s 
the use of analogy. We may not observe 
a direct or structural relationship of in 
stances to form an hypothesis, but there 
appears to be similarities from which 
others may be inferred. An analogy 1s 4 
resemblance of relations which may be 
used for reasoning and from the likeness 
in certain respects we may infer that other 
and more important relations exist. 

We refer to the flow of liquids 2 
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F, analogous to the flow of electricity, the 
| structure of the atom as analogous to the 
solar system and cybernetics reasons by 
’ analogy between the mechanisms of con- 


trol and of communication in the animal 
and various mathematical machines Such 
analogical reasoning may be fruitful and 
help to visualize relationships, but there 
are dangers. We must, however, distin- 
cuish between circumstantial evidence and 
direct evidence which may lead to a false 
analogy. Analogy invades and influences 
our thinking and, although helpful in re- 
search, it should be used with caution and 
not allowed to lead to hasty generalization. 

There is a last approach used occa- 
sionally and not always looked upon with 
favor, but, nevertheless, it may indirectly 
result in valuable contributions and may 
give some encouragement to the novice 
and act as an expedient to the experienced 
investigator. This is the “wild” experi- 
ment. The impression exists, and soundly, 


' that the larger the accumulation of in- 
' stances (knowledge) of the investigator, 


' the greater the probability of his success 
’ in solving a given problem. But this is 


> not necessarily so. Too much knowledge 


/ may lead to complacency and too much 
’ faith in the inviolability of generally ac- 
| cepted hypotheses, theories, or laws, and 
' may result in the rejection of any sug- 
' gested experiment which is.an apparent 
' conflict with them. Valuable discoveries 


> were made by men who did not know they 


» were violating some established theory. 
» Such reckless suggestions leading to 
' “wild” experiments have resulted in un- 
' usual discoveries. It is pleasant to have 
' adeduction confirmed experimentally, but 


' it is an experimental result which is at 
| variance with theory, which may be pro- 
' ductive of new knowledge and new fields 
_ to explore and which point to a path for 


the advancement of civilization. 


Conclusion 


In conelusion, it should be emphasized 
that hypotheses usually have a short life, 
theories come and go, but the facts with 
which they are concerned remain the same. 


The properties of benzene have not 
changed since it was first discovered, but 
the suggested arrangement of the atoms 
in the molecule, the interpretations of the 
formula and the various theories advanced 
to explain its action have changed—but 
again, not the properties. 

Although an hypothesis may be rejected 
in due time, its formulation may not have 
been a complete waste of time and mental 
effort for experience and a study of dis- 
carded hypotheses have shown that when 
such hypotheses meet the usual specifica- 
tions and are properly worked upon, they 
frequently produce more useful results 
than unguided observations. In fact, a 
constructive advancement has been made 
when new experimental evidence indicates 
the untenableness of a given hypothesis 
and it is replaced by one more in accord- 
ance with the newer evidence. 

No scientific law or theory has ever 
given an explanation of why anything 
happens, that is, what makes it happen. 
They explain how things happen, but not 
why. Although much has been written on 
the theory of causation, it is sufficient to 
state, at least in this treatment, that the 
so-called cause is just a statement of the 
set of conditions which precedes or ac- 
companies an effect. 


Summary 


Because of the limited scope of this 
paper, of necessity many details and is- 
sues have not been included. The prin- 
cipal concepts, conditions and procedures 
outlined for the idea formation phase of 
an investigation may be summarized as 
follows: 


(1) An environment satisfactory for 
research—social, political, economic, and 
technological. 

(2) An individual, or organization, in- 
terested and qualified for research and 
adequately sponsored. 

(3) Sourees of problems for research 
which act as “thought starters” and create 
an awareness of a subject to be investi- 
gated—an incitation. 
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(4) The selection and definition of a 
problem to be investigated. 

(5) The concentration of the mental 
faculties of an investigator on the objec- 
tive and scope of the problem until it is 
thoroughly understood and feasibility de- 
termined. 

(6)The gathering of all information re- 
lated to the problem by means of the liter- 
ature and other surveys in anticipation of 
the disclosure of instances, hypotheses, 
theories, and methods which are suspected 
to be related to and suggest a solution of 
the problem. The information should be 
recorded on 3 X 5 cards and in a notebook. 

(7) The sorting, rearranging and clas- 
sification of the information as a basis for 
the determination of the known and un- 
known portions of the circumscribed area 
of the proposed research. See Fig. 1. 

(8) In the case of the unknown areas 
and in tthe absence of any hypothesis, 
theory, or law suggestive of an experi- 
mental approach toward the objective, the 
synthesis of a “working hypothesis” the 
deductions from which may indicate an 
attractive path of high certainty toward 
a solution of the problem. 

(9) The discriminate sorting and pur- 
poseful selection and classification of in- 
stances as a basis for reasoning. It will 
be helpful generally if these are arranged 
as in Fig. 2, thereby bringing more of the 
reasoner’s faculties into action. 

(10) The implanting of this conception 
—mental image, together with the objec- 
tive sought, in the mind of the investigator 
for his reasoning powers to work upon. 
This is an “incubating” period. 

(11) The elimination of all distractive 
influences or environmental factors, which, 
during reflective thinking, would prevent 
concentration on the purpose at hand. 

(12) The period of “digestion” during 
which the conscious and subconscious mind 
is constantly and unrelentingly pressing 
for a simple formulation—hy pothesis. 

(13) Do not strain for a solution to the 
point of mental and physical exhaustion. 
When not making prog -ss set the prob- 
lem aside completely and allow the mind 
to wander and the investigator engage in 


a non-related, diverting, and pleasant ap. 
tivity stimulating to the imagination anq 
emotions. 

(14) After a period of rest and relaxa. 


tion, the gradual emergence of an jdea 
for a semitangible synthesis—to he written 
down—as an initial working hypothesis, 
Such ideas may emerge unexpectedly at 
any time, place, or under normal or wp. 
usual circumstances. 

(15) Making deductions—written dowy 
—as in Fig. 2, and ther an interplay be. 
tween (1), (2), (3), and (4), but without 
losing sight of the purpose of the in 
vestigation. One of the inferences shoul 
indicate a solution to the problem. At 
times, the mind may by-pass this step and 
go directly to the solution of the problem 

(16) The design of experimental equip- 
ment and procedures to confirm inferences 
which indicate a solution of the problem 
or confirm the solution suggested in 15. 


There can never be any guarantee that 
the faithful application of the foregoing 
procedures will lead to a successful solu- 
tion of a problem. However, when through 
constant application, they become an in- 
tegral part of the investigator’s “working 
tools,” they eliminate careless thinking 
and help to establish a basis for a possible 
solution. That is, the mind follows an 
operative technique which can be learned, 
applied, but always under control. We 
may learn the fundamentals of an art or 
procedure under competent guidance, but 
it is only through constant practice or ap- 
plication that a high degree of skill is at- 
tained. Therefore, the only path to suc- 
cess in research is the constant practice ot 
research. 

In a subsequent paper, a “flow-dia- 
gram” will be offered which will outline 
the various sequential steps usually fol- 
lowed from the conception of a problem 
to be investigated to its solution. 


Suggested Collateral Reading 


(1) ‘‘How we think.’’ John Dewey. D. 
C. Heath & Company, N. Y., 1933. 

(2) ‘Scientific Method.’’ F. W. West 
away. Blackie & Son, London, 1924. 
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Werkmeister. Harper & Bros., N. Y., Noble, N. Y., 1942. 
1940. (9) ‘*The Genius of Industrial Research.’’ 
(4) ‘The Basis and Structure of Knowl- D. Killeffer. Reinhold Pub. Co., 1948. 
edge.’’? W. K. Werkmeister. Harper (10) ‘‘The Path of Science.’’ K. Mees. 
& Bros., N. Y., 1948. John Wiley & Sons, 1946. 
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E, Nagel. Harcourt, Brace & Co., & Co., N. Y. 
1936. (12) ‘*The Way of an Investigator.’’ W. 
(6) ‘‘The Principles of Reasoning.’’ B. Cannon. W. W. Norton & Co., 
D. S. Robinson. Appleton-Century- N. Y., 1945. 
Crofts, 3rd Ed., N. Y., 1936. (13) ‘*The Scientist in Action.’’ W. B. 
(7) ‘{Introduetion to Reflective Think- George. Emerson Books, Ine., N. Y., 
ing.’? By Columbia Associates in 1938. 
Philosophy. Houghton-Mifflin Co., (14) ‘‘How to Solve It.’’ G. Polya. 
1923. Princeton University Press, Prince- 
(8) ‘‘Philosophy, an Introduction.’’ J. H. ton, N. J., 1948. 





Industrial Engineering Summer School 


A three day summer school sponsored by the Industrial Engineering Division of 
A.S.E.E. will be held at the University of Florida starting on Saturday, June 20. The 
theme for the conference will be ‘‘ Quantitative Measures in Industrial Engineering 
Courses.’? The program is designed to acquaint the teachers with the recent developments 
in applying mathematical measures to all phases of the profession. Substantial progress 
has been made in the last two years, through the use of statistical mathematics, probability 
theory, linear programming, and similar techniques, which opens many new opportunities 
for research and development in motion and time study, production control, plant layout, 
cost control, process planning, ete. Instructors, who have been instrumental in this develop- 
ment work, will teach the several sessions. The program of the conference is as follows: 


Saturday, June 20 1:30 Objective of the Program 
2:00 Motion Study 
3:30 Time Study 
7:30 Industrial Organization 
Sunday, June 21 1:30 Plant Layout 
2:30 Materials Handling 
3:30 Manufacturing Costs 
7:30 Process Planning & Tool Design 
Monday, June 22 8:30 Examination Fundamentals 
10:30 Project Method of Instruction 
1:30 Operations Research Approach 
4:00 Roundtable Discussion and Summary 


The Summer School Committee consists of: 


Howard P. Emerson Earl Martinson 
Grant Ireson Joseph Moder 
Robert H. Lehrer Everett Laitala, Chairman 


For further details address Professor Everett Laitala, Mechanical Engineering Depart- 
ment, Case Institute of Technology, Cleveland 6, Ohio. 





The Electrical Engineering Curriculum— 
Present-Day Problems and Time Limitations 


The following are condensations of papers presented at the first conference » 
Electrical Engineering held at the Annual Meeting at Michigan State College, June 


25-29, 1951. 


Mid-Century Trends in Electrical Engineering Curriculums 


By R. G. KLOEFFLER 
Head of Department of Electrical Engineering, Kansas State College 


The analysis which is to follow covers 
the curriculums of 79 accredited colleges 
in electrical engineering. Seventy-four of 
these colleges offer a 4-year curriculum 
and the other five have adopted a 5-year 
period. The locations of the colleges 
range from Maine to California and from 
Minnesota to Texas, with stops at most of 
the points between. The schools included 
vary in size from the largest universities 
to some of the smaller state colleges. The 
analysis was based on the latest catalogues 
available and, except for a few cases, cov- 
ered the 1950-51 curriculums. The aim in 
this analysis has been to get a cross-sec- 
tional picture of American college cur- 
riculums in electrical engineering at the 
mid-century. 

The classification of subjects which is to 
be used in the data which follow will not 
meet the entire approval of any HE.E. 
teacher. However, it may serve as a basis 
for comparison. In the preparation of 
this analysis, the author makes no claim 
for infallibility in the interpretation of 
subject matter covered by the description 
of courses given in college catalogues. All 
figures covering credit have been reduced 
to the semester-hour basis. 

The analysis shown in the following 
table is largely self-explanatory. The 
reader should note that the figures shown 
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in parenthesis are averages for the schools 
having a 5-year curriculum. 

Reference to the totals given in the 
analysis under general education shows 
that at the mid-century the 4-year E.E 
curriculums contain an average of 7 
eredit-hours in social science and 7.6 in 
the cultural sub-group. The average of 
the combined social and cultural sub- 
groups (general education) is 11.6 credit- 
hours. (The average of the combined 
sub-groups is not equal to the sum of the 
other averages since some schools may of- 
fer only social or only cultural subjects.) 
The combined average of 11.6 for the 91 
per cent of all colleges which require sub- 
jects in general education indicates that 
we are requiring approimately one-half 
of the 24 credit-hours recommended by 
one of the committees of our Society. If 
we add the average number of ecredit-hours 
required in English language, 8.2, to the 
total for general education, we arrive at 
an average of approximately 20 credit- 
hours of work which is nontechnical in 
nature. 


Conclusion 


In conclusion, two trends have been 
shown by the foregoing analysis. 

1. The introduction of options in the 
senior year of 4-year curriculums. For 
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THE ELECTRICAL ENGINEERING CURRICULUM 


the colleges covered by this analysis, 62 
per cent still retain a single general cur- 
riculum. However, in at least 10 of these 
institutions, some spec ‘lalization is avail- 
able through the selection of electives by 


ANALYSIS OF 
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the student. In the 38 per cent of schools 
offering options, all offer an option in 
electric power and in communication and 
electronics. In addition to these options, 
there are a few scattered examples of op 


ENGINEERING CURRICULUMS 


(74 4-year and 5 5-year) 


Mathematics 
(a) College algebra 
(b) Trigonometry 
(c) Anal. geometry 
(d) Caleulus 
(e) Diff. equations 
(f) Integrated math. 
Total Mathematics 
Physical Science 
(a) Chemistry 
(b) College physics 
English Language 
(a) Composition 
(b) Speech 
(c) Tech. reports 
Total English 
’ Engg. Craftsmanship 
(a) Drawing & dese. geom. 
(b) Shop 
’ Engg. Fundamentals 
(a) Applied mechanics 
(b) Fluid mechanics (or Hydraulics) 
(c) Thermodynamics 
Technical Subjects 
(A) Electrical 
(1) Common subjects 
(a) Basic E.E. (electric circuits & 
magnetism) 
(b) A-e circuit theory 
(c) Elec. measurements 
(d) Basic electronics 
(e) D-c machinery 
(2) Electric power group 
(a) A-c machinery 
(b) Electronics (industrial, etc.) 
(c) Transmission & distribution 
(d) Illumination 
(e) Transients 
(f) Design 
(g) Electives 
(h) Option 


Number 

colleges 

offering 
3 


Credit 
range 


Average 


Per cent 
credit 


4 


3.8 
8.3 
3.0+ 


20.0(23.6) * 


8.0(9.8)* 
11.0(13)* 


6.0(6.8)* 
2.2(3.4)* 
2.3(3.3)* 
8.2(13.5)* 


5.5(6.8)* 
2.5(3.0)* 
5.1+ (6.6)* 
3.0 

3.7 


to bow 


2-10 
234-1023 
114-6 
224-9 

2-7 


$.9(5.5)* 
5.8(9.5)* 
2.8 
1.4(5.4)* 
4.2(4.6)* 
. 8.3(11)* 
4.5(8.0)* 
4.0(5.0)* 
2.3(4.0)* 
2.6 
3.3 
3 7.4(6.0)* | 
7 5.5(7.6)* | 


| 2% 
| 23 $38 


4- 
= 
8 
2~ 
.. 
%4- 
a 
%4- 


te 
-8 
1 
27 





* Five-year curriculums shown in parenthesis. 
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ANALYsIS OF 79 ELECTRICAL ENGINEERING CURRICULUMS—Continued 





| | 
| Number 
| colleges 
offering 
(3) 


Credit 


Average | 


range | credit 
(1) (2) | 
} 





(3) Electronics & communication op- 
tion | 
(a) A-c machinery | | 6.9(7.3)* | 
(b) Electronic circuits, ete. | 4.5(9.1)* | 
(c) Network theory 5 3.5(4.5)* 
(d) Communication (radio tele- 
phone, television) | 4-1 8.8(9.1)* 
(e) Electromag. waves (UHF) -{ 3.4 
(f) Option . 5.0(10.4)* 
Total electronic & communi- 
cation | 23.4 
(B) Nonelectrical 
(a) Heat power engineering - 3.7(5.2)* 
(b) Mechanics of materials (Strength 
of materials) 4.4(5.9)* 
(c) Metallurgy ‘ 2.4 
(d) Surveying | - | 2.5 
(e) Engineering economics 91g | 3.7+(7.4)* 
VII Electives | 
(a) General (free) 
(b) Technical 
(c) Nontechnical 
VIII General Education 
(A) Social Science Group | | 
(a) Economics (general) 2-8 4.0(4.5)* 
(b) Sociology 4.0 
(c) History (industrial) . 
(d) Government 
(e) Psychology 
(f) Comprehensive 
Total Social Science 
(B) Cultural Group 
(a) Literature 
(b) History ‘ 
(c) Philosophy 24-6 | 4.0 
(d) Civilization bE J y 
(e) Comprehensive | ge 6.1 
(C) Electives (9.0)* 
Total Cultural Group | - 7.6(17)* 
Total Social Science & Cultural | 
(Humanistics) | 3-28 | 11.6(29)* 
Total credit-hours 126-160 144(174)* 








* Five-year curriculums shown in parenthesis 


tions in business administration, illumina- crease in the humanistic-social content o! 
tion, industrial, and physics. One school the curriculum. This trend carries on!) 
lists a total of four options. half way to the goal set by our Committee 

2. A secondary trend has been an in- on Engineering Education After the War 
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Professional Education in Four Years 


By EDWARD 


Assistant Professor of Electrical Engineering and Industrial 


R. SCHATZ 


Administration, 


Carnegie Institute of Technology 


Professional education in the broadest 
eyse of the term is not a four-year mat- 
rer. It is education that starts during the 
vears of college (perhaps even before) 
ond must continue for many years after 
graduation. It is education that must in 
clude a program of college training and an 
internship or apprenticeship in the years 
immediately following college where very 
often teacher and student are the same 
person. It is education that must continue 

- throughout a career if that career is to be 
truly suecessful. 

It certainly goes without saying that 
during the years of formal schooling, the 
college or university is directly in charge 
of guiding these educational activities, al- 
though it is equally clear that the respon 
sibility for doing the learning is directly 
that of the student. 

After college the direct responsibilities 
of continued professional education fall to 
the graduate and the industry that em- 
ploys him. This placing of direct respon- 
sibility for continued learning after col- 
lege is not meant in any way to absolve 
educational institutions of their responsi- 
bilities in the post-school period. In every 
activity of the young graduate, his college 
is vitally, if only indirectly, concerned. 
One of the responsibilities of an educa- 
tional institution is to provide instruction 
and training during the formal schooling 
that will equip the student to make future 
learning effective no matter in what situa- 
tion that learning may occur, be it learn- 
ing from text book and professional maga- 
zines, or learning in the postgraduate 
course offered by his company, or, the 
most difficult to do well, learning through 
experience gained in dealing with others. 

What ean a college do during its very 
important but brief period of education 
to train a man to full professional com- 


petence? What can a college do to earry 
out its own responsibilities and to make 
the student realize and carry out his both 
during and after the college years? How 
long should the formal schooling process 
‘oon? 


o 
x 


Instruction Aims 


At Carnegie Tech we believe these ques- 
tions are answered by a four-year plan 
of instruction with the following aims: 


(1) A thorough understanding by each 
student of the nature and use of the fun- 
damental knowledge in the fields covered 
by the student’s profession, and the attain- 
ment by the student through his own ef 
forts while in college of a set of values 
whieh may be used as a guide for thinking 
and action. 

(2) A philosophical outlook and 
breadth of knowledge which will enable 
him to deal effectively with the social, eco 
nomie and political problems of his pro 
fessional life and his life as a citizen. 

(3) The development of an orderly way 
of analytical thinking in the use of the 
fundamentals of all fields. 

(4) The ability to learn for himself 
through experience and to make effective 
use of this learning in advancing his pro 
fessional career. 


A curriculum to carry out these aims 
can be divided into two classifications— 
the basic courses in both the physical and 
social sciences, and the technological 
courses. 

In point of time at my school, the basic 
courses in the physical sciences occupy 
about one and one-half years of the four- 
year program; the technological courses— 
about one and one-half years; and the 
basie courses in the social sciences and the 
other courses in this area—about one year. 
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I feel sure this division of the time, the 
names of the courses and much of the sub- 
ject matter covered are essentially the 
same as in many other technical schools, 
but success in the achievement of the main 
aims is found much more in how these 
courses are taught than in the particular 
curricular areas that have been covered. 
Kach of these stems—the basic science and 
the technological—has as its reason for 
existence the carrying out of the four 
main objectives and herein lies the unity 
which I believe significantly characterizes 
professional education during the college 
years. The forces of education are not 
divided. Each curricular area is designed 
for training in fundamentals, for estab- 
lishment and use of clear methods of 
analysis, for extension of knowledge and 
skills to other fields and for learning from 
experience. 

Moreover, the functions of the various 
curricular areas can be made complemen- 
tary. For instance, a particular class dis- 
cussion in history concerning methods of 


historical analysis can help establish good 
analytical methods for a concurrent phys- 


ics or mechanics course. A more complete 
description of such possibilities may be 
found in reference one (1). 


One Direction Program 


In this singleness of purpose, this unity, 
there is teaching strength. There is, in 
addition, another outcome of this teaching 
method. It is the economy of a program 
that is all pointed in one direction. There 
is no one in the wagon dragging his feet 
—no one teacher wasting the time of an- 
other. For example, there is no physics 
instructor tolerating poorly written work, 
thereby effectively teaching poor English 
and thus tearing down the efforts of the 
English Department. The result of this 
is an economy of time spent in reaching 
the stated objectives. The fact that great 
saving of time can be made in this way 
is one of the reasons why I believe ade- 
quate undergraduate education can be 
completed in four years. 

How does one decide on what courses to 
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put into a curriculum to carry oy 
above objectives, and what to put into th, 
courses? It is not an easy matter to buil 
such a curriculum by putting ogether 
various blocks of subject matter and the 
teaching that material by the methods « 
scribed. There is a constant strugele }y 
tween covering ground and using » mi; 
mum amount of subject material to ay 
plify one of the objectives. There is, 6; 
necessity, a minimum content for eac 
course, but this content should come as 
result of planning and should not antic 
pate it. To design the curriculum and th; 
courses in it, one should act as a teachey 
not a subject-matter specialist. For ex 
ample, the humanistic-social progran 
Carnegie occupies about one year of thy 
four-year program and, as such, currien 
lum planning becomes a hopeless task it 
done from the point of view of total sub 
ject matter a student must master. Th 
planning can only be undertaken wit! 
out complete frustration if the plann 
remembers that the student has not on 
vear to learn but a lifetime if he is traine 
properly. An example of course planning 
for freshman history may be found in th 
second reference (2). 


Summary 


Let me summarize the reasons [| believ: 
that this formal part of education should 
and ean be a four-year program. In that 
time, the fundamental principles and 
knowledge necessary for continued learn- 
ing in fields of interest to the engine 
‘an be established and used professionall) 
in many examples. The method of teach 
ing described makes this possible in th 
four-year period. Secondly, there ar 
sound reasons for getting a man into th 
post-school education period as soon as 
possible where he must accept sole re 
sponsibility for his learning, must mak 
his start on a professional career, mus! 
apply in a real situation—and not ‘ 
schoolroom experience—his knowledge an 
method of attack and, therefore, where he 
begins the most diffieult task of learning 
of all—learning from experience. For th 
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average student I do not believe that this 
introduction to such learning should be 
unnecessarily postponed. 
REFERENCES 
1) Planning the Professional Aspect of the 
Humanistie-Social Courses, B. R. 
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Curriculum Size 5 


| A somewhat condensed first portion of paper | 


By E. E. 


DREESE 


Chairman of Department of Electrical Engineering, The Ohio State University 


|. Introduction 

The hope for engineering education is 
that the educators are perennially dis- 
satisfied. The curriculum is a hair shirt 
fashioned and refashioned, patched and 
repatched to fit a boy who has become a 
man. 


Il. A Brief History 

Engineering curricula in this country 
had their origin in the general colleges in 
the middle of the 19th century—100 years 
ago. The philosophy of the arts college 
was early impressed upon the engineering 
teachers. At that time engineering eduea- 
tion could be covered in one year. 

Early in the 20th century the engineer 
hecame aware of his importance to our 
civilization and had a growing and em- 
barrassing realization that he had little 
understanding, or interest even, in that 
civilization and its emerging social and 
human problems. The engineering jour- 
nals of the times are replete with surveys, 
discussion, and reports on “culture” as 
it was ealled. 

Between the world wars some of this 
“cultural” content came grudgingly back 
under the new name of “social-humanistie” 
studies but it was not until the 2nd world 
war that a committee of this society ree- 
ommended that 20% of the student’s edu- 
cational time be devoted to these subjects. 

In addition, the two world wars drama- 
tized for the public and engineers alike 


that engineering science was growing ex 
ponentially—at the scientifie roots—as dis- 
tinguished from the foliage of mere gadg- 
etry. This is probably no better illus 
trated than in electrical engineering itself. 
Prior to World War I there was only one 
fundamental within electrical engineering 

-circuits. After that war electronics be- 
came a basic electrical fundamental. Now 
after World War II a new fundamental 
has come into electrical engineering itself 
—field theory. 
radars, and antennas require this new 
fundamental. The rise of the 
tvpes of computers and servomechanism 


Wave guides, resonators, 
various 


are increasing curricular pressures for ex- 
tensions of the fundamentals in 
matics and circuitry. 

Historically, too, there is the emerging 
professionalism in engineering 
which envisions that the engineer be edu- 
cationally equipped both in general and 
special education at a level compatible 
with professional status. Where should 
engineering fit in the scheme of profes- 
sional education ? 


mathe- 


sense of 


It now.requires 7 years 
for a first degree in medicine; 6 vears for 
law; 6 vears for veterinary medicine; 
pharmacy and optometry require 5 years. 
Four years are required for nurses and 
dental hygienists. 
III. The Post-war Dilemma 

In 1944 there were searching introspec- 
tions by every institution of learning with 


committees working on curricula for a 
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changed post-war world. Engineering 
curricula were in particular trouble. 
There was compelling pressure to increase 
each of the three major portions of pro- 
gram—the social content, the fundamental 
content and the professional content. The 
descriptive courses of yesteryear were al- 
ready gone. Improvisations and make-do 
shifts became the vogue. Mathematies 
was cut here—final examinations were 
dropped there. Paul was robbed to pay 
Peter. In general both fundamental and 
technical professional content were in- 
vaded in an attempt to reach the magie 
20% for social content. Most have de- 
spaired while still short of that goal. The 
growing question still lingered—could the 
engineering schools keep faith with pro- 


Quarter 
Hours 
260— 


4 
260— 
4 


240— 


220—4 
200— 


= 








5 Yr. Schools (Ave. Of 4 Schools) 
4 Yr. Schools (Ave. Of 12 Schools) —--—-- 


20% More 
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fessional standards by turning . mm 

uct with even less professional engin, si 
competence than they had hitherty? Was 
engineering to be some sort of low Jey 
profession ? 


IV. The 5-year Solution 


After wrestling with these problems ty 
months on end certain schools decided t 


maturing engineering. It was realize 
that the 4-year concept was simply a tigh) 
fitting hand-me-down from our liberal art 
forebears. Tradition, blindly accepted, }y 
comes simply habit. Such thinking 
necessary to gain freedom of mind. 

As of today there are at least fou 
schools with 5-vear curricula for a bach: 
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Quorter 


Hours 
90-4 


16 % More 
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lor’s degree in engineering. There are 
others with optional or variant programs. 


VY. Curriculum Comparisons 

Before going into comparisons of exist- 
ing 5-year and 4-year curricula we should 
he reminded that 5-year curricula have 
their individual differences just as do the 
t-vear curricula. Educational experimen- 
tation still goes on but those wearing the 
size 5 garment are not suffering the short- 
ness of breath of those wearing size 4. 
No 5-year school claims its curriculum is 
perfect—it simply claims it is better, and 
timely. 

In the following comparison charts an 
attempt is made first to eliminate individ- 
| ual differences in 5-year and also in 4- 
vear curricula by comparing composite 
curricula of the two types. This is done 
for a group of curricula in Fig. 1 and for 
electrical curricula in Figs. 2 and 3. 

A caution is necessary in interpreting 
this figure as well as the succeeding ones. 
The figures represent the comparison of 
present 5-year eurricula and present 4- 
year curricula as revealed by latest avail- 


Technical 


Elective 
(Undesignated) 


Other Engr. 
And 


Comparison of average electrical engineering curricula. 


able bulletins. The caution mentioned is 
against interpreting the 4-year values is 
though they were the old 4-year values of 
the present 5-year schools. 

The term “fundamentals” here includes 
mathematics, physics, mechanics, chem- 
istry and drawing. 

The most significant difference is shown 
in technical content. This 38% difference 
is due only partly to the fact that 5-year 
schools increased technical content over 
their previous 4-year content. Probably 
the largest portion of this 38% is due to 
the diminution of technical content of 4- 
year schools to make room for increasing 
non-technical content. 

The non-technical content of the 5-year 
curricula is 20+% of the total content of 
the average of the 4-year schools. This 
was the goal of the 5-year schools in agree- 
ment with the 1944 recommendation of the 
ASEE committee on “Engineering Educa- 
tion after the War.” 

In general, Fig. 1 shows that the 5-year 
engineering colleges have met the 20% 
of 4-years non-technical content and have 
maintained their objectives of giving a 





THE ELECTRICAL ENGINEERING CURRICULUM 


Quorter 
Hours 
30 





16 % More 





5Yr. Schools (Ave. Of 4 Schools ) ———— 
4Yr. Schools (Ave. Of 12 Schools) — - — — 














25 % More 




















Moth Physics 


Fig. 3. 


professional type technical education com- 
parable to or better than they were doing 
previously. They have not invaded the 
fundamentals. 

Fig. 2 compares the average (or com- 
posite) electrical curricula in four 5-year 
schools and in twelve 4-year schools. The 
figure shows that the comparison is 


roughly the same as for the composite en- 
gineering curricula in Fig. 1. 

Here, too, the non-technical content is 
20+% of prevailing 4-year content with 


16% more fundamental content, 33% 
more electrical engineering content and 
42% more other engineering content. 
Figure 3 may be of interest in showing 
the comparison of fundamental content in 
the composite 5- and 4-year electrical en- 
gineering curricula. The greatest differ- 
ence in fundamental content is in mathe- 


Mechanics Chemistry 


Drawing 


Comparison of fundamentals in average electrical engineering curricula. 


maties with 28% more in 5-year curricula 
There are sizeable increases, too, in chem- 
istry and drawing. There is practically 
no change in the mechanics content. This 
figure on mechanics may be an unavoid- 
able error in interpreting college catalogs 
due to the varying pattern of the depart- 
mental location of mechanics courses in 
various institutions. It may be that in 
some institutions mechanies is “hidden” in 
the “other engineering” category. 


VI. Conclusion 

No school goes to 5 years lightly. It 
requires solemn soul searching. There 
comes a day and time when the task is 
too great to temporize with tradition and 
improvisations. That day is here—that 
time has come. It is the dawn of a new 
day. 
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Open-Book Examinations 


By RALPH H. UPSON 


Professor of Aeronautical Engineering, University of Minnesota 


Professor Ross’s interesting article in 
the October issue, “A Procedure for 
Teaching Fundamentals” presents, it 
would seem, some fundamentals them- 
selves, not merely a procedure for teach- 
ing them. In this otherwise excellent 
article, it is somewhat bewildering at 
first sight to find the author advocating 
closed-book examinations, which have 
often been opposed for the very reasons 
cited by the author in their favor. To 
me, and I think to most engineering 
educators, the closed-book examination is 
rapidly becoming an outworn tool; but 
quite apparently, there is still room for 
diseussion of the subject. Hence this 
appeal on behalf of open-book examina- 
tions for all engineering students. 

Although it is realized that the posi- 
tive approach is in most eases better than 
the negative one, it seems that in this 
ease the merit of the natural, straight- 
forward, open-book quiz or examination 
is most convincingly shown by pointing 
out the serious shortcomings of any arbi- 
trary rule unnecessarily restricting the 
students’ source material. Professor 
Ross’s plea for teaching a student “to 
think by himself” is certainly a worthy 
objective on which there can be no dis- 
pute. I think it should be established 
at the outset, however, that encouraging 
a student to think by himself is possible 
with either type of test. Any reasonably 
competent and resourceful teacher with 
some practical engineering experience will 
be able to devise basic, thought provoking 
problems which will put the student on his 
own responsibility, regardless of whether 
the quiz is open or closed book. What 


then is the particular reason for banning 
consultation of books and notes directly? 
I see no reason for such a restriction be- 
yond the statie inertia of outworn custom, 
or to make the preparation and grading 
of examinations easier for overworked 
teachers. On the other hand, there are 
several very serious disadvantages, as 
follows: 


1. The closed-book restriction is un- 
realistic. An engineer is expected to use 
books—for what they are worth, as aids 
to his own thinking, not as substitutes 
for it. If a quiz is properly designed, a 
student learns at the first trial that he 
cannot “bull” through by virtue of a pile 
of books and notes. 

2. The same restriction makes memory 
work an unduly important function. It 
puts emphasis on the acquisition of in- 
formation rather than on its use, and to 
that extent may actually discourage 
original thinking. Convenience and use 
are the only proper criteria for what is 
worth remembering. 

3. Practice in the use of sound engi- 
neering resourcefulness is aided by every 
different souree of information at the 
student’s command. To deny him such a 
reasonable privilege as consulting his own 
notes and books, when most enlightened 
teachers now grant it, seems to him arbi- 
trary, unreasonable and unfair. 

4. As the average student sees it, the 
closed-book restriction penalizes the hon- 
est student in favor of the “successful” 
cheater. Intellectual honesty is so highly 
important in the engineering profession 
that any opposite influence should be 
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eliminated if at all possible. I have been 
the recipient of enough student opinion 
to be sure that this object is in fact 
greatly aided by the open-book privilege. 


Instead of setting up unnecessary re- 
strictions, how much better it would be, 
and how much more conducive of the 
student’s cooperation and initiative, for 
the teacher himself to serve not as a 
proctor but as a consultant? Let him 
imagine that he is running an engineer- 
ing office; the students are his staff, to 
whom he assigns engineering problems; 
then let him act accordingly and grant 
to each the use of all reasonable facilities, 
including his own cooperation ! 

In furtherance of the above mentioned 
analogy, some experiments have even been 
made in practical means of allowing con- 
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sultation between students during an ¢, 
amination. The results, while interesting 
and indicative of possibilities, are not as 
yet thought conclusive enough to justify 
a definite stand on this particular jssye 

One further point seems worth noting 
Original thinking may be very inicresting 
work, but according to accepted usage 
(psychological rather than mechanical) j; 
is still work! And for the teacher to « 
any less thinking, and expect the students 
to do more, does not quite make sense 
So, with examinations: on the positive 
side, they should be thought provoking, 
instructive and revealing. This goal sets 
up no royal road to a life of ease for th 
teacher; but it is a challenge to integrat 
quizzes and examinations into the genera 
educational effectiveness of a modern en 
gineering course. 


Derivation of Formula for Right Triangles 
with Integral Sides 


By W. E. HOWLAND 


Professor of Sanitary Engineering, Purdue University 


A derivation of the formula presented 
by F. C. Bragg for obtaining “Right 
Triangles with Integral Sides,” in his re- 
cent article of that title in this journal 
may be of interest and of some value since 
one is more likely to recall a method than 
a formula. 

Let the two legs of a right triangle be 
k and m and the hypotenuse be k-m + 
n. Then k? + m? = k? + m? + n®? —2km + 
2kn-+—2mn. Therefore, 2km + 2mn = 
n* + 2kn. Now, and for the remainder of 
this discussion, assume that m and k are 
whole numbers; then the right hand side of 
this equation is a whole number and the 
left also because it is equal to it. Consider 
now another right triangle similar to the 
first, but whose sides are each proportional 


to the corresponding sides of the firs! 
triangle in the ratio (2k + 2n) to 1. The 
sides of this right triangle will then be 
2k? + 2kn a whole number, 2km + 2mn 
equals n? + 2kn, a whole number, and 
k(2k+2n) —m(2k+2m)+n (2k+ 
2n), a succession of whole numbers, equals 
(2k? + 2kn) — (nm? +2kn) + (2kn + 2n*) 
= 2k? + 2kn + n? — also a whole number. 

By assuming the sides of the original 
triangle to be k, m, and k +m — n and 
using similar methods, one may obtain 
the following somewhat different, but | 
think equally useful, formulas for the 
sides of a right angle triangle which are 
whole numbers when k and n are whole 
numbers: (2k?—2kn), (2kn—n?) and 
(2k? —2kn + n?). 
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Let’s Face the Music 


By J. GERARDI 


Chairman, Division Engineering Drawing 


Those who have attended the recent meet- 
ings of the Drawing Division immediately 
recognize a perplexing atmosphere which 
seems to disturb our membership. Even the 
casual visitor discovers, before too long, 
that the drawing teachers are very much 
concerned about problems such as: 


1. The misunderstanding which seems to 
exist between the engineers, educators and 
teachers as to the value of our present 
drawing courses in the engineering curricula. 

2. The thoughts which have been expressed 
by some that drawing is of more importance 
to one branch of engineering than to another. 

3. The problems concerning the amount 
of mathematics and other sciences which 
should be integrated into a course of 
graphics. 

4. The assumption that drawing course 
contents have become static and that very 
few changes have been made within the 
past twenty-five years. 

5. The impression which some of our 
friends in A.S.E.E. have that our drawing 
division feels that the world would come to 
an end if the slightest suggestion is made 
to de-emphasize lettering, use of instruments, 
geometric constructions, etc. 


These and similar problems have had their 
fair share of discussion at our meeting and 
in all probability should be discussed fur- 
ther. But before we promote this activity, 
it might be wise to reflect for a moment 
on whether or not it is worthwhile. 

At the convention last summer, Dean 
Hollister of Cornell University gave one of 
the most philosophical talks which has been 
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presented before our Division. Although his 
slides were selected to emphasize the meth 
ods used by architects to develop originality 
and creative thinking, several in the audi 
ence were more interested in the lettering 
and line work which appeared on the slides. 
Others seem to have thought that this was 
an opportunity to get an answer to the 
problem concerning the decreased time 
allotted to the teaching of drawing. It was 
evident from the discussion which followed 
that the problems which were mentioned in 
the first part of this article are beginning 
to drown the best efforts of those who have 
a high regard for drawing courses and the 
Division’s interests at heart. 

The problems mentioned above must, of 
course, be resolved, but we cannot have 
them overshadow the more important proj- 
ects which will enhance the prestige of the 
division. 

As all of us know, the Engineers Council 
for Professional Development has asked 
A.S.E.E. to undertake an evaluation of engi- 
neering education. A committee with Dr. 
I. E. Grinter as chairman has been ap- 
pointed to make the evaluation. The pri- 
mary objective of this committee will be to 
determine why the basic pattern of engi- 
neering education has remained fixed and 
to determine whether new patterns of cur- 
ricula are required to meet the rapid de- 
velopments in science. One may hazard a 
guess that Dr. Grintet’s report will not only 
have a profound influence on engineering 
curricula, but will also have a pronounced 
effect on the contents of technical courses. 
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Drawing Courses May Change Their 
Complexions 


Drawing courses will be no exception. 
They too must be geared to the more recent 
advances in science and technology. Because 
of the short supply of engineers, the number 
of graduates who will begin their careers 
at the drafting board will decrease. Not 
only will they be expected to apply their 
knowledge of mathematics and science to 
engineering developments, but they may be 
expected to supervise the work of drafts- 
men. Hence, it may be predicted that draw- 
ing courses may of necessity change their 
complexions. No longer will the description 
of drawing courses in University bulletins 
list lettering, use of instruments, geometric 
eonstructions, etc., but may emphasize items 
such as—the study of shapes and form em- 
ploying various materials to develop creative 
thinking, graphical solutions of engineering 
problems, supervision of draftsmen, ete. 
This change will not occur overnight, but 
we can expect something of this nature to 
develop in the near future. 

Hence, let us ‘‘face the music,’’ accept 
the challenge and direct our energies toward 
more efficient use of the time we have: let 
us revitalize our course content to such an 
extent that those whose courses have been 
curtailed may be given an opportunity to 
regain the necessary time to teach their 
courses properly. 

The Drawing Division has served the 
A.S.E.E. for twenty-five years. Its activities 
and the resourcefulness of its members is 
well known. The many projects and studies 
which have been sponsored by the Division 
have been worthy of publication and have 
had a great influence in unifying course 
work with the demands of industry. No 


other Division of A.S.E.E. has a publicatio; 
similar to the Journal of Engineering Dra 

ing; moreover, our magazine enjoys wor! 

wide circulation and has not shown a fina) 
cial loss for the past fifteen years. 

and other accomplishments of our Divisio) 
are due to the initiative, loyalty and hard 
work of the men who founded and have |e, 
the Division. 

In order to uphold the traditions of th, 
past, and to encourage discussion, exchang, 
of ideas, and active participation of our 
members, your officers this coming year 
knowing that they can count on the exce! 
lent cooperation which has been given jy 
the past, will initiate a program which wil 
suggest a pattern of thinking along th 
following lines: 


1. A eritical review of the contents of 
present drawing courses and recommen(a 
tions for the future. 

2. A thorough study of the new require 
ments which the engineering profession wil 
impose on graduates because of the short 
supply of engineers. 

3. Divisional participation with Dr. Grin 
ter’s committee on evaluation of engineering 
education. 

4. Methods of 


improving teaching an( 
raising the level of instruction in graphics. 
Professor F. A. Heaeock and his committe: 
on advanced graphics has completed ani 
published a report on ‘‘Graphical Methods 
for Solving Engineering Problems.’’ This 
report will receive special attention. 


The above suggestions are by no means 
fixed or final, and your chairman as well as 
your executive committee will welcome an) 
suggestions which will improve the activities 
of the Division. 





TEACHING POSITIONS AVAILABLE 


The following rules were adopted by the General Council of the ASEE: 


1. The privilege of advertising for teaching positions is extended only to colleges 
and technical institutes which are either Active or Affiliate Institutional Members of 
the ASEE. 

2. Advertisements must be for positions available only. No advertisements will be 
accepted for an individual seeking a job. 


3. Advertisements should not specify salaries. 

4, Advertisements must be submitted not later than the first day of the month pre- 
ceding the month of issue. 

5. Because of limited staff, the ASEE headquarters cannot maintain personnel files 
or supply detailed information about jobs. In replying to blind ads, address letters to 
American Society for Engineering Education, Northwestern University, Evanston, IIli- 
nois and give blind ad number. 


6. Information and rates for advertising in the Journal can be received by writing 
ASEE Headquarters. 


INSTRUCTOR OR ASSIST ANT PRO- | MASTER’S ‘DEGRE E IN ELECTRICAL 
fessor of Mechanical Engineering. Lo- | engineering, and several years experience | 
cation upstate New York. Opening in | in communications 
either heat power or oe. MR-1. 


and electronics as a | 
teacher and in industry. Should be quali 
fied to teach high frequency subjects. Ap 
pointment on twelve months basis requiring | 
ten months attendance. MR-4. 


ASSIST ANT OR ASSOCI ATE PROFES - 
sor of Electrical Engineering in upstate 
New York Technical College. Applicant 
should have ten to fifteen years experience 
in the fields of power and control, should | INSTRUCTORS IN ENGINEERING 
have advanced degrees and research abil- | drawing for September, 1953. Engineer 

| ity and interest. Can become key man | ing graduates with some experience pre- 
upon retirement of present personnel in a | ferred. Nine months service. Summers 
few years. MR-2. free for industrial employment. Positions 
——- permanent with opportunity for advance- 
INSTRUCTOR OR ASSISTANT PRO- ment. Replies confidential. Write R. P. | 
fessor of Electrical Engineering in up- | Hoelscher, 209 Transportation Bldg., Uni- | 
— New York Technical College. Ap- | versity of Illinois, Urbana, Illinois. 
| plicant should have some teaching and j 
research experience in the Communications ; 7 ee 
field. MR-3. CIVIL ENGINEERING ASST. OR AS-— 
- - | soe. Prof., structures and related subjects. 
INSTRUCTOR OR ASST. PROF. OF | Design experience and M.S. degree desired. 
Manufacturing Processes to teach Metal- | A. & M. State College, Rocky Mtn. re- 
lurgy and casting processes. Opportunity | gion, enrollment about 2000, opening June 
for graduate study. Apply to Prof. Otis | or Sept. MR-—5. 
Benedict, Pratt Institute, Brooklyn 5, N. Y. 








INSTRUCTOR OR ASSISTANT. PRO- POSITIONS OPEN TO TEACH DRAW- | 
fessor in electrical engineering, primarily ing and mechanics, Dept. of Engineering 

| to teach circuits and machines. Send ap- | Mechanics, University of Nebraska. Rank | 
| plication to: Chairman, Department of | and salary based on applicants’ qualifica- | 
| Electrical Engineering, University of | tions. Write inquiries to E. J. Marmo, | 
Denver, Denver 10, Colorado. Chairman of Dept., Lincoln, Nebraska. 
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TEACHING POSITIONS AVAILABLE 








ASSOCIATE PROFESSOR ELECTRI- 
eal Engineering: Duties; to instruct under- 
graduate students and develop post-gradu- 
ate work. Time and facilities for research. 
Qualifications :—University graduate, pref- 
erably some post-graduate training. Sev- 
eral years practical experience which may 
include industrial graduate engineer train- 
ing course—apply Nova Scotia Technical 
College, P. O. Box 1000, Halifax, Canada. 





CONSTRUCTION ENGINEERING 
Teacher. Take charge of new mat’ls test- 
ing lab. & teach lect. & lab. courses in 
constr. practice. M.S. degree plus constr. 
exp. San Jose State College, San Jose, 
Calif. 





MECHANICAL ENGINEERING 
Teacher. Take charge of new heat power 
lab. and teach lecture and lab. courses in 
M.E. M.S. degree plus industrial experi- 
ence. San Jose State College, San Jose, 
Calif. 





ENGINEERING DRAWING TEACHER. 
Take charge of drawing program including 
descriptive geometry and machine design. 
M.S. degree plus industrial experience. 
San Jose State College, San Jose, Calif. 





POSITIONS STARTING SEPT. 1, 1953: 
Asst. Professor in C.E. (Soil Mechanics 
or Sanitary) and Asst. Professor in M.E. 
(Design and Production). Location— 
Calif. Master’s degree, some experience 
required. MR-6. 





CIVIL AND ELECTRICAL ENGINEER- 
ing teachers with doctor’s degrees for re- 
search and teaching duties in southern 
university. MR-7. 





POSITION OPEN FOR INSTRUCTOR 
in Engineering Drawing. Please address 
inquiries to Professor A. B. Wood, Head, 
Engineering Drawing Department, Univer- 
sity of Tennessee, Knoxville, Tennessee. 





POSITION OPEN FOR ASSISTANT 
Professor or Instructor in Industrial Eng; 
neering. Address inquiries to Professor }]. 
P. Elmerson, Head, Industrial Engineering 
Department, University of Tennessee, Knox 
ville, Tennessee. 


INSTRUCTORS IN CIVIL ENGINEER 
ing—Excellent opportunity for part tim 
research in highway engineering. Oppor 
tunity to pursue graduate work. S. R 
Wright, Head, Civil Engineering Depart 
ment, A. & M. College, College Station, 
Texas. 


OPENINGS FOR INSTRUCTORS OR 
Assistant Professors. ChE to teach ChE 
subjects and Metallurgy; CE to teach sur 
veying and allied work; and ME to teach 
Drawing and Descriptive Geometry. MR-8. 











UNION COLLEGE, SCHENECTADY, 
New York, is seeking men with teaching 
and/or industrial experience for associate 
and full professorship in undergraduate 
Electrical Engineering and in Mechanical 
Engineering. Salary scale fair. Can be 
supplemented by evening graduate teaching 
and by good consulting fee from local in 
dustries. Apply to President Carter Davi 
son. 





ENGINEERING DRAFTING INSTRUC 


tor. We have an excellent opportunity for 
an instructor in a course which prepares 
students for direct placement in industry) 
without further apprenticeship or on the 
job training. Applicants interested in this 
work should have had a minimum of several 
years teaching experience in mechanical 
drawing and a practical knowledge of in 
dustrial processes and procedures. In 
dividual selected for this position will 
enjoy hospitalization, insurance, vacation, 
retirement and pension benefits. If you 
are interested please wire Mr. W. C. Porter, 
Chrysler Engineering Institute, Post Office 
Box 1118, Detroit 31, Michigan. 








Section 


Allegheny 


Illinois-Indiana 


Kansas-Nebraska 


Michigan 


Middle Atlantic 


Missouri 


Section Meetings 


Location of Meeting 


West Virginia 
University 


Rose Polytechnic 
Institute 


Kansas State College 


Detroit Institute of 
Technology 


Dates 
April 17-18, 
1953 


May, 16, 1953 


May 9, 1953 


University of Delaware May 2, 1953 


Washington University April 11, 1953 


National Capital Area Howard University 


New England 


North Midwest 


Ohio 


Pacific Northwest 


Pacific Southwest 


Rocky Mountain 


*Southeastern 


Southwestern 


Upper New York 


University of Vermont 


Marquette University 


University of 
Cincinnati 


Washington State 
College 


May 9, 1953 


Oct. 10, 1953 


Oct. 9-10, 1953 


May 2, 1953 


April 24-25, 
1953 


San Jose State College Dee. 29-30, 


University of 
Colorado 


North Carolina State 
College 


University of 
New Mexico 
Rochester Institute of 
Technology 


1953 


April 11, 1953 


April 3 & 4, 
1953 
October, 1953 


Chairman of Section 


C. H. Cather, 

West Virginia Univer- 
sity 

H. A. Moench, 

Rose Polytechnic 
Institute 

M. H. Barnard, 

University of Nebraska 

C. C. Winn, 

Detroit Institute of 
Technology 

C. Bonilla, 

Columbia University 

G. F. Branigan, 

University of 
Arkansas 

L. K. Downing, 

Howard University 

E. T. Donovan, 

University of New 
Hampshire 

A. B. Drought, 

Marquette University 

H. K. Justice, 

University of 
Cincinnati 

J. P. Spielman, 

Washington State 
College 

C. M. Duke, 

University of Califor- 
nia at Los Angeles 

C. A. Hutchinson, 

University of 
Colorado 

D. V. Terrell, 

University of 
Kentucky 

M. L. Ray, 

University of Houston 

F. E. Almstead, 

State University of 
New York 


Members of the Society are welcome at all Section Meetings 


* No Date Set. 
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New Members 


ALsSETH, Hitpa J., Engineering Librarian 
and Assistant Professor of Library Sci- 
ence, University of Illinois, Urbana, II. 
H. H. Jordan, W. C. Huntington. 

Amos, CARROLL E., Associate Professor of 
Mathematics, University of Toledo, To- 
ledo, Ohio. J. B. Brandeberry, W. Sher- 
man Smith. 

Avuck, Date K., Director, Fire Protection 
Division, Federation of Mutual Fire Insur- 
ance Companies, 20 North Wacker Drive, 
Chicago 6, Illinois. A. B. Bronwell, W. R. 
Woolrich. 

BACKER, GERALD H., Associate Professor of 
Aeronautical Engineering, University of 
Alabama, University, Ala. C. H. Bryan, 
W. K. Rey. 

BapgEeR, Irvin P., Assistant Professor of 
Civil Engineering, Ohio University, Ath- 
ens, Ohio. E. H. Gaylord, E. J. Taylor. 


BALL, Bryan W., Instructor in Mechanical 


Engineering, University of Houston, Hous- 
ton, Tex. W. B. Lowe, M. L. Ray. 

Bauer, Davin E., Assistant Professor of In- 
dustrial Engineering, Pennsylvania State 
College, State College, Pa. E. 8. Roscoe, 
C. E. Bullinger. 

BIBERSTEIN, FRANK A., Professor of Civil 
Engineering, Catholic University of Amer- 
ica, Washington, D.C. J. W. C. Michalo- 
wicz, H. P. Gallogly. 

BossENGA, JOHN R., Instructor in Engineer- 
ing Drawing, Northwestern Technological 
Institute, Evanston, Illinois. M. B,. La- 
gaard, R. Kliphardt. 

BristoL, WALTER M., Director, Placement 
Bureau, State College of Washington, 
Pullman, Wash. H. Stern, A. B. Caseman. 

Brown, GreorGE M., Associate Professor of 
Chemical Engineering, Northwestern Uni- 
versity, Evanston, Ill. R. Zinn, A. B. 
Bronwell. 

CAPECELATRO, ACHILLE, Executive Associate, 
Physies, Newark College of Engineering, 
Newark, N. J. I. P. Orens, P. O. Hoff- 
inan. 

CAPELLE, JEAN, Recteur de_ 1’Universite 
de Nancy, Naney (Meurthe-et-Moselle), 
France. T. A. Quigley, A. Haertlein. 

CARROLL, FRANK T., JR., Assistant Professor 
of Mechanical Engineering, Louisiana 
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State University, Baton Rouge, La. G, F 
Mathes, L. J. Lassalle. 

CarTER, RicHarp J., Instructor in Electr 
cal Engineering, Northeastern Universit 
Boston, Mass. L. F. Cleveland, W., T 
Alexander. 

CHURCH, RANDOLPH, Professor of Mathe. 
matics and Mechanics, USN Postgraduate 
School, Monterey, Calif. C. V. 0. Ter 
williger, A. E. Vivell. 

COLEMAN, JOHN D., Supt., Methods and Ma 
terial Utilization, Frigidaire Division, G\ 
Corp., Dayton, Ohio. A. B. Bronwell, W. 
R. Woolrich. 

Conroy, WILLIAM B., Associate Professor of 
Mathematics, Clarkson College of Tech 
nology, Potsdam, N. Y. J. W. Perry, R 
D. Larsson. 

CRARY, SELDEN B., Manager, Analytical En 
gineering Dept., General Electric Co. 
Schenectady, N. Y. H. W. Bibber, D. § 
Roberts. 

DeLone, Henry H., Head, Agricultural En 
gineering Dept., South Dakota State Co! 
lege, Brookings, S. D. H. M. Crothers, 
W. Gamble. 

DIAMOND, GEORGE B., Assistant Research 
Professor, Pratt Institute, Brooklyn, 
N. Y. H. R. Beatty, K. E. Quier. 

FISHER, STANLEY E., Professor and Head, 
Cooperative Dept. and Placement, Speed 
Scientific School, University of Louisville, 
Louisville, Ky. H. H. Fenwick, R. 1. 
Fields. 

FRECHETTE, VAN Derck, Professor of Ce 
ramic Technology, N. Y. State College of 
Ceramics, Alfred University, Alfred, N. Y. 
R. M. Campbell, C. W. Merritt. 

Gaty, Lewis R., Manager, Engineering. 
Philadelphia Electric Company, Philadel 
phia, Pa. C. C. Chambers, S. C. Hollister. 

GEILS, JOHN W., Technical Employment 
Representative, Bell Telephone Labs., 
Morris Plains, N. J. H. P. Smith, R. A 
Deller. 

GLENN, GrorGE R., Instructor in Engineer 
ing Drawing, University of Louisville, 
Louisville, Ky. H. H. Fenwick, R. 1. 
Fields. 

Greaa, Rosert, Lecturer in Industrial En 
gineering, University of Florida, Gaines 
ville, Fla. J. Weil, E. P. Martinson. 
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NEW MEMBERS 137 


Grin, Cart A., Instructor in Mathematics, 
South Dakota School of Mines, Rapid 
City, 8. D. E. L. Swanson, E. E. Clark. 

GROSS, WiuuiaM A., Assistant Professor of 
T. & A. M., Iowa State College, Ames, 
Iowa. A. R. Livingston, H. J. Gilkey. 

HarkISON, EDWIN D., Assistant Dean of En 
gineering and Architecture and Associate 
Professor of Mechanical Engineering, Vir- 
ginia Polytechnic Institute, Blacksburg, 
Va. J. W. Whittemore, J. B. Jones. 

HENDRICKSON, ELLWwoop R., Associate Pro- 
fessor of Civil Engineering, University of 
Florida, Gainesville, Fla. J. E. Kiker, 
T. L. Crawford. 

HotzMAN, ALBERT G., Assistant Professor 
of Industrial Engineering, University of 
Pittsburgh, Pittsburgh, Pa. R. C. Gor- 
ham, W. I. Short. 

InerAM, SyDNEY B., Director of Education 
and Training, Bell Telephone Labs., New 
York, N. Y. F. D. Leamer, R. A. Deller. 

Jenks, RicHarD E., Employment Assistant, 
Socony-Vacuum Oil Co., Ine., New York, 
N. Y. P. W. Boynton, K. B. Korsmeyer. 


Joupp1, Arvin F., Staff Member, Eduea- 


tional Relations Activity, Public Relations 
Dept., General Motors Corporation, De- 


troit, Mich. K. A. Meade, R. L. MeWil- 
liams. 

KaLk, ETHEL L., Librarian, College of Engi- 
neering, Duke University, Durham, N. C. 
C. R. Vail, E. K. Kraybill. 

KITTINGER, WILLIAM T., Assistant Professor 
of General Engineering, University of 
Houston, Houston, Tex. W. J. Leach, 
C. V. Kirkpatrick. 

KLOTTER, CARL, Professor of Mechanical En- 
gineering, Stanford University, Stanford, 
Calif. B. M. Green, L. S. Jacobsen. 

KoGa, Issac, Professor of Electrical Com- 
munications, Tokyo University, Bunkyo-ku, 
Tokyo, Japan. A. B. Bronwell, H. L. 
Hazen. 

KuBeE, WayNE R., Assistant Professor of 
Chemical Engineering, University of North 
Dakota, Grand Forks, N. D. D. E. Sever- 
son, A. M. Cooley. 

Lewis, CHARLES H., Instructor in Mathe- 
matics, Orange Coast College, Costa Mesa, 
Calif. J. B. Franzini, B. M. Green. 

Ling, DanieL S., Associate Professor of 
Civil Engineering, Wayne University, De- 
troit, Mich. D. Newton, R. H. Zumstein. 

MacFarLanp, Howarp T., Instructor in 
Electrical Engineering, Lehigh University, 


FtI/ 


Bethlehem, 
Bewley. 
McFaruin, Ropert J., Instructor in Engi- 
neering Drawing, University of North Da- 
kota, Grand Forks, N. D. E. V. Wenner, 

E. L. Lium. 

McGINLEY, JAMES G., Instructor in Applied 
Mechanics, Virginia Polytechnic Institute, 
Blacksburg, Va. PD. H. Pletta, J. W. 
Whittemore. 

MEHRHOFF, JOSEPH C., Instructor in Civil 
Engineering, Louisiana State University, 
Baton Rouge, La. T. M. Lowe, F. F. 
Pillet. 

MILLER, Ropert F., Acting Head, Physical 
Sciences, Milwaukee School of Engineer- 
ing, Milwaukee, Wis. F. J. Van Zeeland, 
F. Kaufmann. 

MINFOoRD, WALDO E., Instructor in Electrical 
Engineering, University of Nebraska, Lin- 
coln, Neb. F. W. Norris, O. E. Edison. 

Moyer, DonaLp H., Director, Student Per- 
sonnel, Cornell University, Ithaca, N. ¥. 
W. T. Conwell, J. P. MeManus. 

Norris, FRANK F., Instructor in Architec- 
tural Engineering, University of New 
Mexico, Albuquerque, N. M. W. R. Gaf- 
ford, J. J. Heimerich. 

Norris, WILLIAM E., Assistant Professor of 
Electrical Engineering and Mathematies, 
USN Postgraduate School, Monterey, 
Calif. F. E. LaCauza, R. K. Houston. 

OWEN, CHARLES V., Instructor in Civil En- 
gineering, University of Arkansas, Fa- 
yetteville, Ark. L. R. Heiple, J. R. Bis- 
sett. 

PARDEN, RoBert J., Graduate Assistant, In 
dustrial Engineering, State University of 
Iowa, Iowa City, Iowa. E. C. Lundquist, 
A. P. Boehme. 

PAYNE, WILLIAM H., Jr., Head of the De 
partment of Manual Arts, Div. 2, Public 
Schools of the District of Columbia, Wash- 
ington, D. C. L. K. Downing, E. R. 
Welch. 

PeTRACH, RosBert V., Instructor in Indus- 
trial Com., Milwaukee School of Engineer 
ing, Milwaukee, Wis. F. J. Van Zeeland, 
F. Kaufmann. 

PRESSBURG, BERNARD S., Associate Professor 
of Chemical Engineering, Louisiana State 
University, Baton Rouge, La. J. Coates, 
L. J. Lassalle. 

RICHARDS, GEORGE R., Milwaukee School of 
Engineering, Milwaukee, Wis. K. O. Wer- 
wath, F. Kaufmann. 


Pa. J. J. Karakash, L. V. 
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Rorurus, Rospert R., Associate Professor of 
Chemical Engineering, Carnegie Institute 
of Technology, Pittsburgh, Pa. C. C. 
Monrad, L. M. Canjar. 

RYERSON, FRANK E., Jr., Instructor in En- 
gineering English, University of Louis- 
ville, Louisville, Ky. R. C. Ernst, G. C. 
Williams. 

SCHOEFFLER, ALFRED W., Assistant Profes- 
sor of Civil Engineering, Southwestern 
Louisiana Institute, Lafayette, La. F. 
Harding, H. M. Morris, Jr. 

SHEERAR, LEONARD, Professor of Chemical 
Engineering, Oklahoma A. & M. College, 
Stillwater, Okla. A. B. Bronwell, W. R. 
Woolrich. 

SPINDLER, G. RawupuH, Director-Professor, 
School of Mines, West Virginia Univer- 
sity, Morgantown, W. Va. R. C. Smith, 
C. H. Cather. 

SraFrorD, Paut M., Professor of General 
Engineering, South Dakota School of 
Mines, Rapid City, 8. D. W. E. Wilson, 
E. E. Clark. 

STEFFENS, JEROME, Structures Engineer, 
Aircraft Division, Kaiser Metal Products, 
Ine., Newtown, Pa. D. J. Perry, L. K. 
Downing. 


STEVENS, Epwarp H., Associate Professor 
of Geological Engineering, South Dakota 
School of Mines, Rapid City, 8. D. E. D. 
Dake, W. E. Wilson. 

StTewartT, ALBERT A., Assistant Professor of 
Engineering, Bradford Durfee Technical 


Institute, Fall River, Mass. E. R. Wil- 
liams, K. B. Coombs. 

TINDAL, CHARLES H., Professor of Engineer- 
ing Research, Pennsylvania State College, 
State College, Pa. E. A. Walker, E. B. 
Stavely. 

TRAMMELL, GROVER J., JR., Instructor in En- 
gineering Mechanics, Louisiana State Col- 


NEW MEMBERS 


lege, Baton Rouge, La. W. P. Wa 
L. J. Lassalle. 

Trusk, BrorHer I, AMBROSE, Associate Pro 
fessor of Chemistry, St. Mary’s College 
Winona, Minnesota. Brother B, Austi; 
Barry, J. Echler. 

UNTRAUER, RAYMOND E., Assistant Prof 
sor of Civil Engineering, Universit: 
Arkansas, Fayetteville, Ark. L. R. 
ple, J. R. Bissett. 

Wack, JOHN M., Assistant Professor of 
chanical Engineering, Howard University, 
Washington, D. C. D. E. Howard, T 
Lu. 

WAYLAND, J. Haroup, Associate Professor 
of Applied Mechanics, California Insti 
tute of Technology, Pasadena, Calif. }). 
E. Hudson, F. C. Lindvall. 

WESCHLER, Maurice E., Professor of Mi 
chanical Engineering, Catholic Universit 
of America, Washington, D. C. J. ¢. 
Michalowiez, H. P. Gallogly. 

Wuitcoms, RicuarD N., Mgr., Tech. Colleg: 
Recruiting, Goodyear Tire and Rubber 
Co., Cuyahoga Falls, Ohio. D. Thomas, 
T. W. Prior. 

WILLIAMS, MELVIN C., Assistant to the Dean 
of Engineering and Instructor in Civil 
Engineering, Louisiana State University, 
Baton Rouge, La. L. J. Lassalle, F. F. 
Pillet. 

Witson, J. S., Personnel Manager, (orn 
Products Refining Company, Argo, III. 
A. B. Bronwell, W. R. Woolrich. 

Wirtz, Leo A., Instructor in Electrical En 
gineering, Kansas State College, Manhat 
tan, Kans. R. M. Kerchner, E. L. Sitz. 

Wo.reE, J. EpMoND, Associate Professor of 
Electrical Engineering, Kansas State Col 
lege, Manhattan, Kans. R. M. Kirchner, 
R. 8. Kloeffler. 


403 new members elected this year 





The Professional Engineer — 


Ascending to New Heights or Leveling Off to Mediocrity? 


By W. R. WOOLRICH 


President of the American Society for Hngineering Education and 
Dean of Engineering, University of Texas 


For more than four decades the 
Founder and associated engineering so- 
eieties have been making some effort to 
bring together all of the professional engi- 
neers of the United States as a unified 
group. Their problem is not unlike that 
which faced the Continental Congress 
when that body labored with the task of 
bringing together the people of thirteen 
states each with a high premium on their 
political freedom. 

The first organizational attempt to 
unify the engineering professions was ini- 
tiated in 1920 by the Founder societies 
when a Federation of American Engi- 
neering Societies was formed with the 
American Engineering Council as its op- 
erational staff. By 1924 this organization 
structure was changed and then evolved 
the American Engineering Council as a 
single unifying agency. 

The early activity and progress of the 
American Engineering Council was effee- 
tive from its point of vantage in Wash- 
ington, D. C. but its financial structure 
was not one that could withstand the vicis- 
situdes of a sustained depression. Dissen- 
tion about both the function and financial 
support of this Council led to its complete 
abandonment by 1938, another depression 
fatality. 


Growth of ECPD, NSPE, EJC 


While the American Engineering Coun- 
cil was experiencing a loss of national so- 
ciety moral and financial support, there 
was organized in 1932 the Engineers’ 
Council for Professional Development 
dedicated to promote the professional 
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growth and status of engineers and po- 
tential candidates of engineering from the 
period of pre-college preparation thence 
through college and pre-registration to 
final recognition as a member of the pro- 
fession. 

During this same period of the rise of 
the ECPD, an active segment of the pro- 
fessional engineers registered in the sev- 
eral states founded the National Society 
of Professional Engineers in 1934 and 
established headquarters in Washington, 
D. C. Full membership in this organiza- 
tion was limited to those who were recog- 
nized by state registration as professional 
engineers. Many of the services per- 
formed by the American Engineering 
Council for the engineering profession at 
the national capital were taken up by the 
NSPE as the ACE closed its doors in 
1938. 

In 1941, the several Boards of Directors 
of the Founder Societies created a Joint 
Conference Committee made up primarily 
of their retiring Presidents and Executive 
Secretaries. This group after four years 
of deliberations established, with the ap- 
proval of their respective Boards, the En- 
gineers’ Joint Council. 

It was this Council together with the 
National Society of Professional Engi- 
neers that in July, 1952, secured the Con- 
gressional recognition of engineering as a 
profession in a directive which Congress 
gave to the Salary Stabilization Board of 
the United States. This statute exempted 
professional engineers employed in a pro- 
fessional capacity from further wage and 
salary controls on the same basis as mem- 
bers of the medical and legal professions. 
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Unionization of Engineering 

This recognition immediately brought 
forth a stepped-up activity of the inde- 
pendent bargaining engineering unions. 
Any permanent legislation by Congress 
which would recognize engineering as a 
profession would curtail the field of ac- 
tivity of engineering collective bargaining 
agencies. 

Their published reports show that on 
December 31, 1952, the independent bar- 
gaining groups of engineering employees 
as independent unions were activated as 
The Engineers and Scientists of America 
(ESA). It was their hope that by the 
time of their first annual meeting in Los 
Angeles in February of 1953, the forty 
thousand members of the local groups 
would unite into one national organiza- 
tion, the ESA. The interim President, 
Mr. Joseph Amann, announced: “Repre- 
sentatives of Engineers and Scientists of 
America are prepared to meet other labor 
leaders and Senator Taft to discuss 
amendments to the Taft-Hartley Act, pro- 
vided a meeting can be arranged. Engi- 
neers and Scientists of America is the 
only national organization whose members 
engage in collective bargaining with their 
employers to speak for the approximately 
400,000 employed non-supervisory profes- 
sional engineers and scientists who are so 
vital to our national defense and to our 
way of life.” 

The Vice-President of the newly formed 
ESA, Mr. John Taft, at an open meeting 
at Summit, N. J., November 19, 1952, out- 
lined the activities through which they 
expect to carry on their promotion. The 
first activity mentioned was announced as 
“Representation of engineering and sci- 
entific employees before government bod- 
ies, colleges, political groups, ete. for the 
purpose of ‘setting things straight’ with 
regard to engineer’s views on matters of 
interest to them.” 

Following his formal talk at Summit, 
Mr. Taft stated: “ESA expects to conduct 
an ‘Industry Evaluation’ program in 
which it will study the working conditions, 
salaries, fringe benefits, ete. of various 
large firms. The result of the study will 
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be made available to college students as 
well as to the engineering and the scientific 
profession for their information and guid. 
ance.” He further revealed that ESA 
plans to organize student chapters gt 
major engineering colleges and defended 
this plan by stating that professional go. 
cieties have student chapters and that his 
organization is entitled to the same pre. 
rogative. 

The previous surveys of the National 
Societies Committee prepared in May, 
1946 indicated that as of that date less 
than five per cent of the engineers ques. 
tioned favored a certified union. Those 


who opposed the union of engineers did 
so usually on the basis that by unionizing: 


1. Individual initiative would be re- 
stricted. 

2. Individuals would be regimented by 
the union organization. 

3. A “typing” of engineering positions 
and a “leveling” of salaries would re- 
sult. 

. Professional status and prestige of 
engineers would be damaged if not 
lost entirely. 

. Individual advancement and reecogni- 
tion of individual achievements would 
be stifled. 


Probably our democratic process of our 
unifying engineering councils has been too 
slow to keep pace with the rapid strides 
made by the engineering profession. The 
Engineers’ Joint Council, the Engineers’ 
Council for Professional Development and 
the National Society of Professional En- 
gineers now face the alternative of speed- 
ing up their coordinated effort to improve 
the professional status of the recognized 
engineer or giving way to a less discrimi- 
nating group of union engineers who 
would like to speak for all of us on the 
workman’s side of the collective bargain- 
ing conference table. 


Responsibility of American Industry 


American industry has also much at 
stake in this situation and much of the 
corrective work in our present salary 
scales must come from the employers of 
engineers. There is little about which to 
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quarrel by the engineering profession as 
related to beginning salaries for men with 
Bachelor’s, Master’s or Ph. D. degrees in 
engineering, but the scales of advancement 
have been woefully neglected by a large 
portion of American industry. If man- 
agement would do its part, the spread in 
salaries for professional engineers must 
be greatly increased for men of three, 
five, ten or twenty years of service com- 
mensurate with the beginning salaries if 
the engineering unions are to be effee- 
tively answered. 

The engineers of less than average abil- 
ity ean generally be given a salary lift by 
a collective bargaining agreement. In the 
leveling off process he gains at the ex- 
pense of those who are above the average. 
When a union is first established there 
may be even a higher average wage than 
could have been obtained by individual 
contract by superior engineers. But the 
future is not too bright in collective bar- 
gaining for the advancement of men of 
creative genius and individual profes- 
sional abilities. Collective bargaining is 


never inspirational to the man of creative 
talents and recognition cannot be readily 
afforded him other than as part of a col- 
lective group. 


Role of the Engineering Societies 

In this emergency may we look to the 
Engineers’ Joint Council, the National 
Society of Professional Engineers and 
the Engineers’ Council for Professional 
Development to effect a program for the 
elevation of the professional engineer to 
new heights of accomplishment. We urge 
that American industry follow the leader- 
ship of some of the associated member 
companies of the American Society for 
Engineering Education and revise their 
salary seales for the advancement and 
recognition of engineers to levels com- 
mensurate with their professional con- 
tributions. 

More recently, the Engineers’ Joint 
Council has greatly broadened its base of 
membership to offer participation by a 
selected group of additional professional 
engineering societies. The American So- 
ciety for Engineering Education has ae- 
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cepted membership within this Council. 
Past President Thorndike Saville is the 
appointed representative of the American 
Society for Engineering Education and in 
the reorganization of EJC at the session 
of January 24, Dean Saville was named 
its Vice-Chairman. He is our spokesman 
in this expanded program. 

The future of engineering as a profes- 
sion in North America depends upon the 
ability of the engineering colleges to ad- 
vance their education to new levels of pro 
fessional achievement. The incentive for 
both students of engineering and the en- 
gineering colleges, however, is in the 
hands of those who direct the progress of 
the graduates after they leave the college 
halls. 

The answer to either the students of the 
engineering colleges or to the man who 
plans to grow is not unionism. The re- 
ward for which the professional engineer 
strives is a composite of full recognition 
and appreciation for the manpower prod- 
uct of the engineering colleges by those 
who employ, advise and direct. The com 
pensation should be commensurate with 
the abilities and contributions of each in- 
dividual of the profession. It is essential 
that the salaries for men of accomplish- 
ment and years of service shall be an in- 
centive to the men entering the profession. 

We need, now, positive constructive ac- 
tion in this emergency by our constituted 
leadership of the engineering profession. 
The evolving Constitution of our unity or- 
ganization does not authorize autocratic 
action so essential in emergencies to the 
preservation of our national government 
but we must face this problem of union- 
ism vs. full recognition as professional en- 
gineers before the eyes of all Americans 
with decisiveness and constructive action. 
It will require an all-togetherness and 
unanimity of purposefulness to meet the 
rising trend to legalizel mediocrity 
through collective bargaining. If we, as 
professional engineers, are as effective in 
applying the principles of management as 
we boast, then our unity organization can 
find the answer without our turning to 
dictatorial government agencies for a 
solution. 





Do You Know That 


B® The program for the Annual Meeting 
—University of Florida, June 22-26— 
strongly emphasizes the influence which 
the rapid advances in science and technol- 
ogy are exerting upon engineering edu- 
cation. The Councils, Divisions, and Com- 
mittees have diligently planned confer- 
ences and General Sessions to bring to 
the membership some of the nation’s fore- 
most authorities on the vital problems af- 
fecting engineering education. We are 
anxious to tell you all about it, but it 
would take half of this issue of the Jour- 
nal. So here’s a once-over-lightly synop- 
sis of some one hundred and fifty papers 
which will appear on the program. 


®& A challenging General Session fea- 
turing nationally eminent speakers on 
“Encouragement of Fundamental Re- 
search as an Aid to Education in Engi- 
neering” has been arranged by the Re- 
search Council for Wednesday morning. 
The ECRC program will also include a 
conference on research developments in 
the South, and another on the ever knotty 
problems of Contract Relations with the 
Government, in addition to its traditional 
Banquet on Tuesday evening. 


®& Our Administrative Council (ECAC) 
is planning a timely General Session deal- 
ing with relationships between education 
and the engineering profession. This will 
also include some interesting developments 
in the articulation of high school and eol- 
lege studies, a current problem being de- 
veloped by the Committee on Secondary 
Schools. 


B® Invitations to attend the Annual 
Meeting are being extended to engineering 
colleges throughout the world (except for 
Malenkov’s proletariat). In addition to 
the International Night Dinner, which has 
become a distinctive event at the Annual 
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Meeting, the International Relations Com. 
mittee of ECAC is planning a conference 
program, featuring a number of speakers 
who are shaping the government’s pro. 
gram of technical assistance to foreign 
countries. 


B& Mathematicians and engineers alike 
will be interested in the two conferences 
on “Programing for Electronic Digital 
Computers” by Dr. J. H. Curtiss, Chief of 
the National Applied Mathematics Lab- 
oratories of the Bureau of Standards. 
This is an unusual opportunity to enlarge 
upon our knowledge of this development 
which is revolutionizing higher mathe- 
matics and engineering. Several of the 
other mathematics conference papers have 
the intriguing titles “Let the Pythagoras 
Do It” and “The Mental Constructs of 
Science.” 


B® A repeat on last year’s successful 
conferences on atomic energy will he 
staged again this year, with outstanding 
atomic energy authorities. 


®& Here is a unique opportunity to or- 
ganize a prospecting party and make your 
trip profitable! Mineral Engineering is 
scheduling a paper on “Oil Possibilities 
in the Southeast,” by a noted Florida state 
geologist who should know. We hope that 
he’ll drop a few hot tips. 


B® Engineers and economists will be in- 
terested in the outstanding program otf 
the Engineering Economy Division, fea- 
turing a number of prominent economists 
from industry. 


®& Civil Engineering, as usual, has come 
through with an outstanding and varied 
program. One conference will deal with 
“The Place of the Doctor’s degree in Civil 
Engineering,” another with “Transporta- 
tion Engineering,” and still others on 
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| «The Integration of Graduate Work by 
| Means of Analogues.” The Fluid Me- 
' chanics advocates will have their confer- 
» ences dealing with Instrumentation, Sani- 
’ tary Engineering, and Hydraulics. Also, 
there is an interesting conference entitled 
' “Professional Skills as Tools in Develop- 
ing Initiative and Originality,” sponsored 
jointly by the Civil Engineering and Edu- 
» cational Methods Divisions. The Civil 
| Engineering and Architectural Divisions 
are scheduling a conference on the Train- 
| ing of Engineers for the Construction In- 
| dustry. 


| pm Chemical Engineering will feature 
_ the teaching of instrumentation in Chemi- 
' cal Engineering, with a distinguished 
_ panel of speakers. 


' p The Electrical Engineering Division 
_ is planning a unique series of open-forum 
» discussions relating to various areas of 
| electrical engineering instruction, designed 
| to identify some of the more acute prob- 


' lems in this field and discuss new trends 


q and subject matter integration. 


| > The Educational Methods Division is 
| doing an active and very effective job in 
| intra-currieular coordination, as well as in 
| investigating vital areas of teaching im- 
| provement. This is reflected in unusual 
| conference titles such as “Developing 
' Originality in Terms of New Tools of 
' Engineering,” “Educational Research,” 
' “Subject Matter Integration,” ‘“Profes- 
- sional Skills as Tools in Developing Ini- 
» tiative and Originality.” 


_ » Engineering Mechanics has several 
» unusual conferences devoted to “Objec- 
| tives in Advance Design,” “Presentation 
| of Undergraduate Mechanics” and a 
; luncheon talk on Engineering Leadership. 


> Engineering Drawing can always be 
counted on for stimulating and educa- 
tional programs and this year’s confer- 
ences on widely varying subjects will be 
of vital interest and a real challenge to 
drawing teachers. 
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® In addition to several joint confer- 
ences with the Divisions of Engineering 
Drawing and Civil Engineering, the Ar- 
chitectural Engineering Division is plan- 
ning a discussion centered around “Archi- 
tectural Engineering Curricula” at vari- 
ous universities. 


Bw The energetic and rapidly growing 
Relations with Industry Division has top- 
flight conferences centered around the 
themes “The Impact of Recent Industrial 
Trends on the Engineering Profession,” 
“Education-Industry Cooperation for 
Promoting Pre-College Preparation,” and 
“Education-Industry Cooperation on Fae- 
ulty Employment in Industry.” These 
conferences will be of great interest to 
our members from industry, as well as 
to educators. 


®& The Humanistic-Social Division and 
English Division have formulated interest- 
ing programs dealing with “The Challenge 
of the Creative,” “Meeting the Practical 
Problems,” “New Directions in the Hu- 
manistie-Social Program,” and one with 
the provocative title “How Can the Hu- 
manistic-Social Studies Contribute to the 
Professional Development of the Engi- 
neer ?” 


®& For a refresher, try this one of the 
Evening Engineering and Graduate Stud- 
ies Divisions—“Graduate School Tradi- 
tions, Are They Adequate For Expanding 
Nation-Wide Programs in Graduate En- 
gineering Education?” We hope that 
they get an answer to this vexing prob- 
lem which confronts many engineering 
colleges. 


B® The Graduate Studies Division also 
has a conference program on “The Na- 
tional Science Foundation and its Rela- 
tion to Engineering Colleges.” 


® Industrial Engineering is featuring 
conferences on “Quantative Measures in 
Industrial Engineering,” “Industrial En- 
gineering Practices in Industry” and 
“Materials Handling.” 


®& A distinctive feature started last year 
was a conference by the Engineering Li- 
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braries Committee which has been widely 
acclaimed by technical journals through- 
out the country. This year’s conference 
will again deal with engineering literature 
and its importance in engineering educa- 
tion. 


B® All young engineering teachers will 
want to attend the eventful and imagina- 
tive program consisting of three confer- 
ences, a luncheon, and a dinner, arranged 
by the ASEE Committee on Young Engi- 
neering Teachers. The prize winning pa- 
pers for the Young Engineering Teachers’ 
Contest will be presented on Tuesday 
afternoon, along with several papers, one 
having the intriguing title, “The “oung 
Engineering Teacher—His Respons. vili- 
ties and Frustrations.” Another of the.r 
conference papers is entitled, “The Second 
Look—Or a Double Take” and still an- 
other has a live demonstration entitled 
“Reflections” by an anonymous performer. 


B® Technical Institute teachers are as- 
sured of an exceptionally informative pro- 


gram dealing with some of their more 
acute problems in the conferences dealing 
with “Technical Institute Relations with 
the Publie,” “The Role of Technical In- 
stitute Education in the Years Ahead,” 
and numerous other highly pertinent sub- 
jects. 


B® The Cooperative Education Division 
will hold a clinie to dissect current prob- 
lems in cooperative education, as well as a 
conference on Observations of the Co- 
operative System of Education. 


& Crystal-gazing is the distinctive fea- 
ture of the Aeronautical Division in its 
unusual conference “The Aeronautical 
Curriculum of Tomorrow.” 


®& Mechanical Engineering offers an in- 
teresting and varied program including a 
conference on “What is Our Job in Heat 
Power-Education or Research?” One of 
the papers has the alluring title “So You 
Want to be Promoted.” Interesting pro- 
grams are also planned by the Machine 
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Design and Manufacturing Processes Com- 
mittee and the Division will have a dinney 
to top off the program. 


B® The General Session on Tuesday 
morning will feature talks by Dr. Hillis 
Miller, President of the University of 
Florida, and our own President Woolrich, 
as well as another speaker of nations 
prominence. A unique feature this year 
will be a General Session on Monday 
afternoon, at which time there will be ay 
open-forum discussion on some of the 
principal projects of the Society, includ- 
ing the work of the Committees on Evalu- 
ation of Engineering Education, Teaching 
Aids, Promotion of Ethical Standards, 
and Engineering Manpower. This wil! 
provide an opportunity for the membeyr- 
ship to express their ideas on some of the 
principal Society projects. 


®& The Banquet will again be on Thurs. 
day evening, at which time there will be a 
noted speaker and the Lamme and George 
Westinghouse Awards will be presented 
to recipients. A new feature this year 
will be the presentation of two awards for 
the prize-winning papers by young engi- 
neering teachers—an innovation which 
has proven exceedingly popular with the 
younger members of the Society. 

B® The University of Florida Local 
Committee has done a superb job in plan- 
ning general entertainment for Wednes- 
day evening and an irresistible program 
for the ladies, ineluding visits to many ot 
the entrancing vacation attractions of 
Florida, and even sitter service and en- 
tertainment for the kiddies. 

®& Here is an unusual opportunity to 
expand your outlook on engineering edu- 
cation, enhance your professional values, 
make new and stimulating contacts, and 
to combine al! of this with a good time. 
Why not mark it on your calendar now 
—June 22-26, University of Florida. 


B® See you in Florida. 


ArTHUR BRONWELL 
Secretary 





The University of Florida 


For many who come to Florida in June, 
1953 to attend the Annual Meeting of the 
American Society of Engineering Educa- 
tion it will mean revisiting a State where 
they have found many delightful days of 
vacationing at other times. It likewise 
will mean a surprising satisfaction to all 
to find a spirit of economic importance, 
developed out of industrial and agricul- 
tural growth. 

The University of Florida takes pride 
in the knowledge that it has made and 
continues to make valuable contributions 
to that growth. 

The University is happy that the Amer- 
ican Society of Engineering Education 
has seen fit to hold its Sixty-First An- 
nual Meeting in connection with the Cen- 
tennial Celebration of its founding. 

The beginnings of the University go 
back one hundred years, back to days 
when its first College of Arts and Sciences 
' opened in 1853. With the passage of the 
Morrill Act, the College of Agriculture, 
College of Engineering, and the Agricul- 
tural Experiment Station came into being. 

It is a matter of special interest to edu- 
eators that as far back as 1905, the State 
Legislature wisely abolished the then ex- 
isting six State Colleges and provided for 
two new institutions of which the Univer- 
sity of Florida is one. This Act of the 
Legislature provided for a Board of Con- 
trol composed of seven members repre- 
senting the seven geographical sections of 
the State, all serving without compensa- 
tion except for travel and incidental ex- 
penses, and gave to this Board super’ ion 
over the two newly created institutions. 

This simplified program of operation of 
the two institutions of higher learning has 
meant much to the State and to the Uni- 
versity. Some years ago a move made by 
the University was the adoption of lower 
and upper division categories for under- 
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graduate education. Under this program 
the student is given basic comprehensive 
courses and essential background courses 
for the specialized fields during the first 
two years. The junior and senior years 
are devoted to studies in the several spe- 
cialized colleges. 

There has been the closest cooperation 
among the lower and upper divisions, re- 
sulting in a smoothly functioning program 
and enabling the student to qualify fully 
and promptly for his chosen specialized 
field. 

The home of the University of Florida 
is Gainesville, a city of not more than 
30,000 in population situated in the roll- 
ing highlands of Central Florida about 
midway between the Atlantic Ocean and 
the Gulf of Mexico. Extremes of heat 
are unknown and frost rarely occurs, and 
these favorable conditions, together with 
relatively slight variations in humidity, 
insure an equable climate ideally suited 
for study, recreation and rehabilitation. 

While the State of Florida is often 
thought of as a winter resort and play- 
ground, the citizens of the State, many 
years ago, realized the need of developing 
the many natural resources found here 
and thus began the move of industry into 
the State keeping step with the rapid de- 
velopment of agriculture and cattle rais- 
ing. 

The College of Engineering of the Uni- 
versity was quick to appreciate the need 
for trained engineers to meet the rapidly 
growing requirements of industry. Since 
the early forties the entire staff of the 
College has grown from 24 to one of 240 
inclusive of the personnel assigned to the 
Engineering and Industrial Experiment 
Station. During that same period, the 
research work done in the College has 
proved of highest importance to the De- 
fense Program of our country. Much of 
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this work is still top secret but it can be 
told that the contribution made to the 
development of the VT proximity fuze 
and the work on storm location, later 
called sferics, earned national and inter- 
national recognition for the College. 
Early in 1951 the first wing of the new 
building designed to house the College of 
Engineering was dedicated. In it are now 
housed the administrative offices, the engi- 
neering sciences library and some of the 
facilities required by the Electrical, Me- 
chanical, Industrial and Civil Engineering 
Departments consisting of offices, class 
rooms and laboratories. When entirely 
completed, the building will have a floor 
space of more than 250,000 square feet. 
The Engineering and Industrial Exper- 
iment Station came into actual being in 
1941 as an integral part of the College of 
Engineering. By this act, the State Leg- 
islature gave clear recognition to the fact 
that a program of research is essential as 
a complement of a great educational pro- 
gram and established the College of Engi- 
neering in the upper bracket of outstand- 
ing Engineering Colleges in America. 
Mention of a partial list of the research 
projects undertaken by the College will 
show the spirit of the College in promot- 
ing the welfare of the Nation and the de- 
velopment of the resources of the State, 
such as pulp and paper technology, sew- 
age and waste disposal, fluorine technol- 
ogy, tropical deterioration, ceramics, elec- 
tronies and weather radar research. 
Bachelor’s and Master’s Degrees are 
granted in Aeronautical, Agricultural, 
Chemical, Civil, Electrical, Industrial and 
Mechanical Engineering. All curricula, 
except the Agricultural (which is new), 
are fully accredited by the Engineering 
Council for Professional Development. 
The Doctor’s Degree is given in Chemi- 
eal and Electrical Engineering and the 
Degree of Professional Engineer is offered 
in each degree granting department. 
Sinee 1941, there has been a steady in- 
erease in the student body of the Univer- 
sity which reached a peak of approxi- 
mately 10,000. The College of Engineer- 
ing enjoyed a similar increase with a 
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maximum of about 1800. Contrary ;, 
the trend which showed a decrease oy , 
national scale as indicated by a Gover. 
ment survey made in 1951, there yer 
twice as many Freshmen engineers at ti, 
University of Florida in 1951 as coy. 
pared to the enrollment of 1941. The ey. 
rent Freshmen engineering registratioy 
has increased to about 650 which is aboy; 
200% above the 1941 enrollment. 

Likewise, the teaching and _ researc) 
staffs have grown. At present the College 
has a total professional staff numberiny 
123, of whom there are 27 who have r. 
ceived the Doctorate Degree. 

The College budget also has expande 
and the combined teaching and stati 
budget is now $1,500,000. The station 
budget is about $1,000,000 which is twie 
that of the teaching budget. About $18), 
000 of this amount is appropriated di- 
rectly to the station from state funds 
the remaining coming from contractur: 
sources. 

The College early realized the impor. 
tance of working with industry and engi. 
neers in the field. This is evidenced bj 


the establishment in 1922 of a “shor 


course” for those interested in electric 
measurements. It is probably one of th 
oldest University “short course” confer & 
ences in the country. Since that time 
similar conferences have been held in the 
fields of Highways, Public Health, Sur 
veying and Mapping, Air-Conditioning. 
Industrial Instrumentation, Pulp and Pa 
per Technology and other fields of in 
terest. 

The State has provided an attractive re 
tirement program for its employees, pro 
vided for pleasant working conditions and F 
maximum academic freedom for all. 

Proper dissemination of research for 
the benefit of other workers in the field 
and for the public in general is of para- 
mount importance. No matter how sig: 
nificant the research results may be, the 
value of the research may be lost unless 
the information is put in the hands 0 
those who can use it. Thus, it is the aim 
of the College to publish all research © 
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cations: (1) 
© publications of research, usually on prob- 
© lems of specific interest to the industries 
S of the State of Florida; (2) Technical 
F Paper Series—reprints of technical arti- 
© cles by staff members appearing in na- 
| tional scientific publications; and (3) 
| Leaflet Series—non-technical articles by 
| staff members which have appeared in the 
' more popular periodicals. 
‘are published under the title “ENGI- 
' NEERING PROGRESS at the Univer- 
| sity of Florida” each month. In addition 
' to a regular subscriber list of 1200, pub- 
‘ lications are circulated to some 6000 to 
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» value conducted by the Experiment Sta- 
' tion except where national security is in- 
» volved. 


There are three series of Station publi 
Bulletin Series—original 


These papers 
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7000 individuals each year by special writ- 
ten request. 

Since the publication of its first bulle- 
tin in 1933, the Station’s list of publica- 
tions reporting results of research com- 
pleted or in progress has grown to 170. 
In addition, many restricted reports have 
been issued to industrial and military 
sponsors of Station projects. 

Thus the College of Engineering, 
through the Experiment Station, contin- 
ues to fulfill its purpose of conducting 
“research in the field of engineering and 
related sciences with special reference to 
such of these problems as are important 
to the development of industries in Flor- 
ida” and to promote the graduate pro- 
gram in engineering to supply those in- 
dustries with trained personnel. 
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An Experiment in Conference Teaching 


By HERBERT L. MANNING 


Head, Department of Industrial Engineering, Virginia Polytechnic Institute 


This experiment in the conference 
method of instruction is the result of dis- 
cussions with a number of recent gradu- 
ates of the Industrial Engineering Depart- 
ment at Virginia Polytechnie Institute. 
In these discussions one outstanding omis- 
sion has come to light in our curriculum. 
Returning graduates have stated repeat- 
edly that they are not prepared when they 
graduate to participate in or to lead 
group discussions. The conference 
method is used by industry extensively 
in the training of the men we graduate 
and also to train others of their super- 
visory personnel for management staffs. 
An analysis of our curriculum discloses 
the usual situation: 


1. The program is already overcrowded. 

2. Nothing appeared possible of elimi- 
nation so that course material could 
be added to assist the program. 

3. All students are required to take a 
course in “public speaking.” 

. The problem would not be solved 
by more course work of the type 
usually thought of as “public speak- 
ing.” 

. One course was available which in- 
cluded conference leadership as a 
technique of supervisory training. 


The next point was to analyze our 
teaching methods in the department to see 
whether any changes could be made which 
would yield the desired results. It was 
decided to experiment on three courses 
in which substantial amounts of practice 
might be obtained by the students in con- 
ference participation and conference lead- 
ership. These three courses are “Prin- 
ciples of Industrial Organization and 
Management,” “Wage and Salary Ad- 
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ministration,” and “Industrial Supervi- 
sion.” 

In order to accomplish the mission in 
the management course it had to be re- 
designed and material of a case study 
nature accumulated which would illus. 
trate the principles of industrial organi- 
zation and serve as a basis for discussion. 
This course is taken by the Industrial 
Engineering students during the junior 
year and there was some hesitation in at. 
tempting to teach by the case study 
method at such an early stage. It was 
felt that one of the major objectives in 
this program should be the establishment 
of self confidence in the student’s ability 
to lead and actively participate in group 
discussions. Therefore, starting the ex- 
periment in the junior year gives the 
students as much practice as possible be- 
fore their graduation. Accordingly, the 
work was outlined for the first quarter 
course so that the instructor led the dis- 
cussions for about the first four weeks 
of the quarter. During this time instruc- 
tions were given in how to analyze case 
material, how to extract information from 
it, how to develop the questions worthy 
of discussion, and by direction and illus- 
tration the students were shown how to 
bring points of discussion before the 
group and how to control discussion. It 
has been found that training in these 
techniques takes away very little time 
from the subject matter of the course. 
Starting about the fifth week of the course 
each student in the class was assigned 
responsibility for leading one of the dis- 
cussions of cases which would be con- 
sidered for the remainder of the quarter. 
These cases were interspersed with dis- 
eussions led by the instructor on basic 
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principles which had to be highlighted in 
the course content. 


Prepared Outline Required 


In order to insure proper preparation 
for the leading of the diseussion, the in- 
structor requires that the student turn in 
his prepared outline of the discussion at 
the end of the period during which he has 
led the discussion. In addition to this, 
the student discussion leader is also re- 
quired to turn in a short report in which 
he analyzes what his objectives were in 
the conference and the manner in which 
he accomplished these objectives and, 
most important, things he failed to do to 
fully attain the objectives he had set forth 
for diseussion. These procedures will 
carry through into the second quarter of 
the course and will insure that each stu- 
dent has at least two opportunities to 
lead the diseussion. 

In the course in Wage and Salary Ad- 
ministration the instructor again leads 
the discussion for the first part of the 
eourse. The instructor also gives to the 
student an outline containing the most 
essential points of the various sub- 
divisions of the subject. Inasmuch as this 
is only a one quarter course, and inas- 
much as it is given in the senior year, 
student leadership of the discussion starts 
earlier in the course, usually during the 
second week of class meetings. During 
the first week the students select the area 
of the subject in which they prefer to 
lead the discussion. In this course no 
case studies as such are given to the stu- 
dents to serve as a basis for diseussion. 
A list of references, magazine articles, and 
other periodical material is given to the 
student and it is up to the discussion 
leader to bring such current case material 
into the discussions as he feels desirable 
to accomplish the objectives of the diseus- 
sion for the period. This is done deliber- 
ately in order to develop in the student a 
realization of the necessity for obtaining 
material to illustrate and further the un- 
derstanding of any group diseussion which 
he may lead. Again, in this course the 
leader is required to submit an analysis 
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of his objectives and their accomplishment 
at the termination of his discussion. 

In the course in conference leadership, 
the subject matter for the diseussions is 
industrial personnel problems or matters 
of local or national interest oceurring at 
the time. The idea is to give the student 
opportunity and practice to develop mate- 
rial of current interest and to use it in 
conferences as he might when he gets into 
industrial employment. 

It is perhaps obvious that the above 
three courses have in their content more 
material of a subjective nature than many 
of the courses in other areas of engineer- 
and the question perhaps arises, 


ing’; 


can this experience be given to students 
in the more objective type of course? 


Some experimenting has been done and 
the answer seems to be yes, but to a more 
limited extent than in the subjective type 
course. For instance, in such courses as 
motion and time study, engineering 
economy, tool engineering, or quality con- 
trol, it has been found possible to treat 
the matter somewhat as follows. The in- 
structor develops the essential theory and 
discusses it with the class in the usual 
manner. Following the discussion of the 
theory certain problems are assigned 
which illustrate the application of the 
theory. The problems are, of course, then 
reviewed to insure understanding of the 
theory and its application. It is in this 
discussion of the application of the theory 
in terms of the problem that students 
assume leadership of the diseussion. This 
has been attempted and found to be an 
opportunity to give practice to the stu- 
dents in this regard. 


Evaluation 


It is, of course, impossible at this point 
to give any factual estimate of the success 
of this approach. The ultimate test, and 
of course the only true test, will come 
when the students who have had this op- 
portunity graduate and get into situa- 
tions which test the ability which we have 
been attempting to develop. 

It should, of course, be obvious that the 
suecess of any program of this type is 
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dependent upon reasonable class size. It 
has been found that more than twenty 
in the class makes such an attempt virtu- 
ally impossible, with fifteen being the 
ideal maximum. Individual participation 
in the discussions seems to vary almost 
inversely with the number of students in 
the class group. The only conclusions 
available so far seem to be that the stu- 
dents who have participated in this type 
of course presentation seem to be more 
articulate and seem to have more confi- 
dence in their ability to state their opin- 
ions. They have definitely improved their 
ability to stand on their feet and control 
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discussion. Further, the students yh, 
have been in the classes where this te: 
nique has been tried seem to have ¢p. 
veloped more interest in the subject an 
have definitely stated their liking for thi. 
type of class presentation. 

This idea is not new nor has our ex. 
periment resulted in a finished technique. 
A great many more students must take 
part in this conference method of instrye. 
tion; a better cross section of courses 
must be explored, and an extension of the 
idea has to be developed in other courses 
in order to evaluate the real potential of 
this method. 


Electrical Engineering Division Summer 
School at Dartmouth 


The Electrical Engineering Division of 
the ASEE held a Summer School on 
“Teaching of Electric Cireuits and Fields 
at the Undergraduate Level” at Dart- 
mouth College on June 20 and 21, 1952. 
Planned to occupy two days and one 
evening, the sessions were attended by 
over 60 electrical engineering teachers. 
In addition, an informal discussion period 
developed on the second evening which 
added materially to the value of the 
school. At this informal meeting the sub- 
jects discussed ranged from special teach- 
ing methods to a description of electrical 
engineering curricula and teaching in 
Canada as contributed by a Canadian rep- 
resentative. 

Friday was devoted to a study of the 
teaching of electrical circuits and Satur- 
day was given over to a discussion of the 
teaching of electric and magnetic fields. 
Single speakers occupied the morning in 
order to have time to fully cover the as- 
signed area and to permit considerable 
discussion. The afternoons were given to 
two speakers in each case, to cover par- 
ticular assigned areas. 

Dr. M. B. Reed, of the University of 
Illinois, on Friday morning reviewed fun- 


damentals in the teaching of electric cir- 
cuits, including the necessity for clearly 
defined notions of polarity and circuit no- 
tation. In the afternoon Professor FE. M. 
Strong, of Cornell University, discussed 
“Use of Loci in Cireuit Analysis,” and 
Professor R. M. Wainwright, of the Uni- 
versity of Illinois, demonstrated the use 
of matrices in cireuit analysis with par- 
ticular emphasis on polyphase circuits and 
symmetrical components. 

On Saturday morning Dr. W. B. Boast, 
of Iowa State College, reviewed the gen- 
eral subject of teaching of “Quasi Static 
Fields,” giving methods applicable to the 
introduction of the subject at the sopho- 
more level. In the afternoon Dr. G. B. 
Hoadley, of North Carolina State Uni- 
versity, discussed the teaching of dynamic 
field theory in the senior year, and Dr. 
J. F. Calvert, of Northwestern University, 
discussed flux plotting and gave some in- 
teresting illustrations of the method. 

On Friday evening Dr. A. R. D’heedene, 
of Bell Telephone Laboratories, discussed 
certain applications of network theory as 
employed in cireuit design. J. D. Ryder, 
of the University of Illinois, served as 
Chairman for the Summer School. 
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Training Engineers for More Effective Results 
in Industry * 


By MR. ROBERT C. SPRAGUE 


President, Sprague Electric Company, North Adams, Mass. 


Before beginning to talk about edu- 


cating engineers, let me state what I think 


we are trying to educate toward. I ac- 
cept, as not likely to be bettered, Tred- 
gold’s definition of engineering as: “The 
art of directing the great sources of 


| power in nature for the use and con- 
| venience of man.” 


This definition ex- 
cludes the pure scientist. And I am 
further limiting my thoughts to the en- 


| gineer who, on completion of a four-year 


course in one of our 148 accredited engi- 
neering schools, contemplates employment 
in industry. 

From the report written by your Com- 


| mittee on Aims and Scope of Engineer- 


ing Curricula, back in 1940, I infer that, 
as a group, you also accept Tredgold’s 
definition. I have read that report with 
the greatest interest and with high ap- 
preciation. And I know that the recom- 
mendations of that committee have had 


P the direct effect of putting more stress 
| on the humanistic subjects in engineering 


curricula, That effect is being continu- 
ally evidenced as more and more schools 
adopt this broader policy. 

My own experience leads me to accept 
as axiomatic the concept of increased 
grounding in the humanities for men who 
must be concerned with such diverse hu- 
man needs and activities. In our own 
plant, for instance, one man might apply 
himself to the components of end-prod- 
ucts as diverse as television sets and 
proximity fuses, radios and guided mis- 
siles, or electric razors and atom bombs. 


"Presented at Annual Meeting of 
AS.E.E., at Dartmouth, June 1952. 


In reading the recent bulletins of a few 
of the major engineering schools, I have 
been gratified to see that (largely through 
the effectiveness of your efforts) consid- 
erable importance is now given to such 
subjects as literature, history, economics 
and labor relations. And I was par- 
ticularly pleased to see that several of 
the more advanced schools, including 
M.I.T., have adopted the idea that a 
student should prove his competence in 
oral and written expression before re- 
ceiving an engineering degree. 

Though I appreciate the progress which 
has been and is being made in the di- 
rection of humanistic study, there is one 
side of an engineer’s education about 
which I ean find very little discussion in 
the bulletins I have read. This is the 
training which should increase both his 
desire and his ability to work effectively 
with other men. 

So much has been said and written 
about this facet of the engineer’s per- 
sonality that nearly anything I add will 
be repetitious. But in my own experi- 
ence I have found a condition so general 
and so disturbing that I cannot withhold 
my opinions. I have too often found it 
exceedingly difficult to get an engineer to 
work aggressively on any idea suggested 
by someone else. There is too frequently 
the N.I.H. (Not Invented Here) factor 
which prompts him to waste considerable 
amounts of the company’s time and 
money to prove the superiority of his own 
ideas. And in his relations with other 
departments I have found the engineer 
tends to minimize the opinions of’ others, 
especially those of the so-called practical 
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man. By which I mean the man who has 
acquired sound engineering principles 
from experience which may have been 
very extensive, though possibly limited to 
his company’s particular field of activity. 

I know you must have heard this com- 
ment often from management. I do not 
know whether your regard it as justified. 

Perhaps you agree that this situation 
does generally exist, yet hold the view 
expressed by Prof. Drucker in his article 
in the May-June issue of the Harvard 
Business Review. There, as you probably 
read, Prof. Drucker takes the position 
that, both by inclination and training, the 
professional man is a different creature 
from the administrative man. Prof. 
Drucker considers it right that the pro- 
fessional man should be: “. . . trained 
to work on his own... .” and that “he 
does not ... take kindly to modern or- 
ganization—and especially not to large 
scale organization.” So, according to 
Prof. Drucker, Administrative Man must 
take Professional Man just as he is— 
and like him. This alone would be dis- 


turbing. But I find real cause for alarm 
in Prof. Drucker’s further implication 
that the ultimate aims of these two groups 
are mutually exclusive. 

May I quote again from Prof. Drucker: 
“The problem is thus one of basic atti- 


tudes. ... To make matters still more 
difficult, the attitudes that cause the diffi- 
culties are in themselves desirable.” And 
finally I find this opinion expressed by 
Prof. Drucker: “Professional employees 
do not fit into the administrative process 
—and the administrative process does not 
fit them. In particular, the very concept 
of ‘supervision’ goes against the grain 
of professional employees. In many ways 
this matter of the ‘supervision’ of pro- 
fessional employees illustrates the entire 
problem, for it is a good example of the 
businessman’s failure even to realize that 
the professional employee presents a prob- 
lem. ‘Supervision’—both the term and 
the institution itself—is automatically ap- 
plied to professional employees because 
it is the established thing for other em- 
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ployees. Yet not only is it resented }) 
professional people; it is not the 4), 
propriate organization pattern for them” 

Let me assure you that Prof. Druck, 
is mistaken in his belief that businessmen. 
as a group, fail to recognize that this 
problem exists with the professional ey 
ployee. As I mentioned very early in 
talk, I hear that problem often an 
earnestly discussed both within and out 
side my own organization. Indeed, thes 
businessmen, because of the very natun 
of their jobs, are required not only 1 
recognize, but to cope with the probley 
Their jobs entail the coordination of j) 
dividuals into departments, and depart 
ments into a unified organization. Ani 
so they find it necessary that the parts 
of a business function smoothly in rela 
tion to each other to produce a satis 
factory overall result. 

In the various phases of design, pro 
duction and sale of component parts 
(such as those made in our plant) eacl, 
member of the engineering staff must hav: 
considerable knowledge and _ constant 
awareness of the relation of the part o: 
which he is working to other component: 
and to the end-product as a whole. So 
is it not reasonable to expect him to have 
similar knowledge and awareness of the 
functions of other individuals and de 
partments vital to the organization ot 
which he himself is a part? 

I hope you do not agree with Prot. 
Drucker because I feel very strongly that 
his concept is not merely an unfortunate 
one, but actually a dangerous one, botli 
for the engineers themselves and for thi 
industry they serve. And I am encour 
aged to find that my view is validated h) 
at least one of our leading schools. May 
I read you a statement which I found in 
the 195253 Bulletin of the Columbia 
School of Engineering? 


‘*The successful engineer must possess to 
an unusual degree two basic characteristics. 
First, he must have a capacity for team- 
work, an ability to work effectively with 
others on a common problem in an organ- 
ized group. The keynote of modern re- 
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search is the concentration of many minds 
on a single problem. In construction or 


manufacturing a capacity for and interest in 
cooperative endeavor is essential also. An 
ability to work in, organize, or direct an 
engineering force, and to aid in establishing 
esprit de corps is an essential to progressive 
and productive engineering practice.’’ 


If, as I hope and believe, many of you 
will support that statement, then how shall 
we approach the problem of correcting, 
or at least alleviating the situation? 

Is it to be expected that the new em- 
phasis on the humanities will improve the 
engineer’s attitude toward his co-workers? 
Or will the problem have to be more di- 
rectly approached ? 

Whatever you answer to this, I am con- 
vineed that the observations and experi- 
ence of industry could be advantageously 
utilized in the education of young engi- 
neers. 

So I urge that industrialists be allowed 
to participate actively in your program 
for the better integration of the engineer 
in the company for which he will be 
working and in society as a whole. For, 
as an employer interested in training the 
engineer for more effective results in in- 
dustry, I do not want him only to be 
more effective in my own organization. 
I am interested in showing him the fuller 
rewards which might be his if he would 
regard himself, not merely as the first 
citizen of the laboratory, but as first, a 
citizen of the world. 

There is one other facet of the subject 
on which my experience as an employer 
may qualify me to speak. This is the 
delicate balance of emphasis on the basic 
and applied sciences as against applied 
engineering in a four-year curriculum. 

It is estimated that at least 65% to 
70% of the engineers who graduated in 
1949 and ’50 accepted industrial employ- 
ment. (This specifically excludes federal 
and state government employment.) Am 
I correct in interpreting this to mean 
that, in effect, engineers are being edu- 
cated today primarily for industry? 
And if so, does this not add considerable 
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weight to industry’s opinion as to the 
placement on this emphasis in the present 
curricula? 


Stress Basic Sciences 


As an employer of more than 100 
graduate engineers, I am among those 
who hold that the education of tomorrow’s 
engineer should stress the basic sciences, 
even if this can only be done at the ex- 
pense of applied engineering subjects. 

From my own observation I find dra- 
matic evidence that the man with the 
strongest basie training has the greatest 
adaptability. Because the basie sciences 
ean be applied to different problems in 
many branches; or to a single problem 
which may extend into overlapping 
branches. In the rapidly changing tech- 
nological industries such a man enjoys 
a tremendous advantage. 

In our own plant this kind of flexi- 
bility, resulting largely from basic train- 
ing, is conspicuous. One of our most 
capable men in the electrical field has a 
chemical engineering degree; and one of 
our top chemists holds a degree in elec- 
trical engineering. 

I am of the opinion that this adaptabil- 
ity is important to industry even when 
there is no dearth of engineers. But 
when the shortage is as acute as it is 
now, the man with adaptability unques- 
tionably commands a high premium. 

Dr. Preston Robinson, our Vice Presi- 
dent in Charge of Engineering, holds 
the view that good training in the basic 
sciences qualifies the student for mastery 
of all branches of engineering and that 
these principles should be stressed be- 
cause they are least susceptible to change. 
He feels strongly that the four-year en- 
gineering course should be a broad, pro- 
fessional training; and that specialization 
should come only from advanced univer- 
sity work, or from practical experience. 

If this view were accepted by the en- 
gineering schools, the student should be 
made to understand from the beginning 
of his course that a high degree of speciali- 
zation in four years is not desirable; and 
that it is assumed, both by the school and 
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by industry, that a four-year diploma will 
mark only the commencement of his en- 
gineering education. 

I suggest that industry’s attitude is 
clearly shown by the fact of its en- 
couraging and underwriting of employee- 
participation in extensive programs for 
post-graduate study. Such programs, in- 
augurated by a considerable segment of 
industry which employs graduate-engi- 
neers, are being carried out partly in 
classes conducted within the employing 
organization, and partly by attendance at 
nearby engineering schools. 

Graduate study at established schools is 
being encouraged in two ways: by grant- 
ing time off for the purpose; and by pay- 
ment of part of the tuition costs. Let 
me cite only a few examples. 

Because of its far-flung organization, 
Westinghouse (which was a pioneer in 
the field of education for professional 
personnel) has developed a program for 
cooperation with nine institutions. These 
are: 

University of Pittsburgh 

New York University 

Polytechnic Institute of Brooklyn 

Stevens Institute of Technology 

University of Pennsylvania 

The Johns Hopkins University 

University of Buffalo 

Case Institute of Technology 

and 
University of Delaware 


With the result that since 1927 6000 
Westinghouse engineers have taken ad- 
vanced courses at these institutions. And 
in most cases half the tuition has been 
paid by Westinghouse on completion of 
the courses. Of these 6000 students, 200 
have earned advanced degrees—including 
20 doctorates. 

At Bell Laboratories engineers are 
given five hours’ absence a week (without 
salary deduction) for the purpose of ad- 
vanced study. Under this plan 96 Masters 
and 15 Doctorates have been earned by 
men employed full-time at Bell Labs. 

The list of firms cooperating in this 
way with engineering schools comprises 
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a sort of Blue Book of the industry. 1, 
give some idea of its length, I point ty 
the city of Milwaukee where as many a; 
50 firms are sending engineers to the 
University of Wisconsin Extension School. 
I am told that it is usual at Wisconsin 
for two-thirds of the tuition to be paid 
by the employing companies: one-third 
at the time of enrollment and one-third 
on eompletion of the course. 

The most recent figures I have seen 
from the University of Pittsburgh were 
for the year 1948-49. At that time there 
were 614 engineers enrolled there from 
six different industrial firms which paid 
half the tuition on completion of ad- 
vaneed courses. 


Work Closely with Schools 


In our own plant, Dr. Robinson ani 
other heads of engineering departments 
are eager to work more closely with the 
schools. Up to now we have employed 
undergraduates in summer; we have sent 
graduate engineers to the M.I.T labora- 
tories for advanced research work; ‘and 
two of our men have been given leave of 
absence for graduate work at M.I.T. 
We also allow up to three hours per 
week with no loss in pay for study at 
nearby Williams College and pay all 
tuition charges for approved courses 
there, at R.P.I. and at Extension Schools, 
one-half on enrollment and one-half upon 
satisfactory completion of course. 

Presumably even more of such en- 
couragement and help might be given by 
industry to its engineers, but for the fact 
that many centers of engineering activity 
are still without facilities for advanced 
study after work-hours. This possibility 
has been suggested by a brochure: “The 
First Five Years of Professional Develop- 
ment” issued by the Engineers’ Council 
for Professional Development. In this 
I found a list of 50 industrial centers, only 
24 of which offer facilities for graduate 
engineering study in the evening. 

In many of these locations where no 
evening courses are offered, there are 
already accredited schools for engineering 
degrees. I suggest that some of them 





TRAINING ENGINEERS 


(such as Brown, Yale, University of Cin- 
einnati, University of Akron and Wash- 
ington University) be approached with 
the possibility of offering graduate 
eourses in the evening. While at the same 
time industry in these centers should be 
informed of the possibility that new ad- 
vantages may be offered, and urged to 
subsidize advanced training for their en- 
gineers. 

Even this cursory review of the wide- 
spread program of industry to foster 
graduate training might be construed to 
indicate that industry collectively does 
not regard the four-year engineering 
graduate as a very highly developed 
specialist. The program certainly means 
that, in effect, industry is giving much 
attention to, and assuming considerable 
responsibility for, developing the sort of 
specialists it needs. So is it not realistic 


to suggest that the schools throw more of 
the post-graduate burden on industry and 
_ place their emphasis on basic training? 

This would qualify the graduate to special- 


ize in the direction of those talents which 
are later found best adapted to the shift- 
ing requirements of industry. 


Conclusion 


In conclusion, I should like to sum- 
marize. 

My personal observation leads me to 
place particular importance on three as- 
pects of a four-year curriculum if a pri- 
mary objective is to make the engineer 
more effective in industry: 


1. The continued increase of humanistic 
subjects, with sufficient emphasis on 
economics and business organization 
to heighten his appreciation of the 
vital functions performed by all de- 
partments in any successful indus- 
trial enterprise. 

. Direct or indirect exercise in team- 
work—beginning with the members 
of his own squad or department, and 
then extending beyond the limits of 
his organization into his community. 

. More intensive training in the basic 
and applied sciences—even at the 
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expense of high specialization in the 
applied engineering subjects. 


From the March issue of The Journal 
of Engineering Education I see that a new 
committee is being formed, under the 
chairmanship of Dr. Grinter, to make an 
“Evaluation of Engineering Education.” 
I hope that this will not be an all-aca- 
demic group. Because I am convinced 
that our common purpose can best be 
served by taking a stereoscopic picture 
from the view-points of both the educator 
and the industrialist—which points are, 
I contend, only a short distance apart. 

In closing, I again emphatically reject 
Prof. Drucker’s dark opinion of the ir- 
reconcilable variance between the profes- 
sional and the managerial attitudes. But 
if he is right and I am wrong, may it not 
then be argued that attitudes are the 
concern of both school and industry? 

Might not your new committee (I 
should prefer to call it our new commit- 
tee) take time to study the relation of 
curricula to attitudes? And should we 
not, together, measure and weigh the 
equipment and attitudes of the young en- 
gineer against the requirements and atti- 
tudes of industry? I hold it likely that 
we should find these attitudes far from 
irreconcilable. And I hold it certain 
that, merely by recognizing the problem 
as our joint responsibility and approach- 
ing it together, we shall have taken an 


- important step toward its solution. 
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‘*Engineers & Ivory Towers,’’ p. 8. 
Definition of Engineering. Tredgold. Same, 

p. 30. 
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Hollister’s ‘‘Standards of Engineering Edu- 
cation.’’ Annl. Rpt. Eng. Council for 
Prof. Devipmt. 1951, p. 17. 

Accredited Eng. Schools in U. S. Same 
Report, p. 27. 

Team Work Necessary for Engs. Columbia 
Sch. of Eng. Bulletin 1952-53, p. 17. 

Drucker’s ‘‘Management and the Prof. 
Empl.’’ Harvard Business Review, 
May-June 1952, p. 84. (Also reprints.) 

Industrial Centers in U. S. A. where ad- 
vanced engineering courses are given in 
evening; Proportion of tuition paid by 
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industry. ‘‘The First 5 Yrs. of Prot 
Development,’’ pp. 78-81. 

Qualifications most looked for in graduating 
engineers. Same, p. 137. 

Engineering college enrollment (195). 
Jnl. of Engineering Education, Feb, 
1952, p. 1. 

Faculty Members of Amer. Soe. for EE. 
Same, p. 31. 

Industry Members of ASEE. Same, p. 36, 

Percentage of graduate engs. going into 
industry. ‘‘The Critical Shortage of 
Engineers.’’ 


College Notes 


Dean Andrey A. Potter of the Purdue 
University Schools of Engineering will 
retire from his duties next June 30 and 
will be succeeded by Dr. George A. 
Hawkins, Professor of Thermodynamics 
and Associate Director of the Engineer- 
ing Experiment Station. The retirement 
of Dean Potter will bring to a close a 
career lasting 50 years which has placed 
him among the nation’s top engineering 
educators and brought Purdue to new 
heights as a center for engineering educa- 
tion in the U. S. 

Dean Potter was born in Europe and 
came to the U. S. at the age of 15. In 
1903 he was graduated from the Massa- 
chusetts Institute of Technology with the 
Bachelor of Science degree. He has re- 
ceived honorary degrees from Kansas 
State College, Northeastern University, 
Norwich University, Alfred University, 
Rose Polytechnic Institute and the South 
Dakota School of Mines. Dean Potter 
was employed by the General Electric 
Company from 1903 to 1905 when he 


joined the teaching staff of Kansas State 
College as an assistant professor of me- 
chanical engineering. In 1913 he became 
Dean of Engineering and Director of the 
Ingineering Experiment Station. He 
came to Purdue in 1920 in the same capac. 
ity. 

Dean Potter is author of a number of 
books on power engineering, thermody- 
namics, and farm motors, and of more 
than 300 engineering, educational, and 
scientific papers and articles. He has held 
many positions of trust in the United 
States government, including that ot 
Chairman of the Advisory Committee for 
the Engineering, Science and Management 
Defense Training Program, 1940-1946, 
and executive director of the National 
Patent Planning Commission, and re- 
cently was confirmed by the U. S. Senate 
for a six-year term as a director of the 
National Science Foundation. His pro- 
fessional honors are too numerous to in- 
clude here. He is a Past President of the 
ASEE and received the Lamme Award 
from the Society in 1940. 
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Education for Educators* 


By ALI BULENT CAMBEL 


Assistant Professor of Mechanical Engineering, State University of Iowa 


There is considerable evidence that not 
all those concerned with engineering edu- 
eation are satisfied with it. Industry is 
not happy with the product it hires. 
Graduates are not happy with the train- 
ing they have received. Americans as a 
whole are complaining that their children 
are not being properly educated and that 
they are not developing into productive 
’ citizens. Above all teachers of engineer- 
E ing are not convinced that they are doing 
- their best job. Paradoxically, this dis- 
satisfaction should make everyone con- 
cerned very happy, because as long as 
engineering educators are aware of their 
responsibilities, rather than being smug 
and self-satisfied, things are bound to 
improve. 

Engineers, during the past few years, 
have made a definite effort to improve 
engineering education. A very notable 
| contribution is the report of the ASEE 
Committee on Improvement of Teaching 
_ (1). The problem as clearly presented 
_ in this report is a difficult one to tackle. 
_ There is no school or institution where 
| one may study the teaching of engineer- 
' ing. There are numerous courses in 
One ean actually prepare for 
a career in elementary or high school 
| teaching, but it is impossible for those 
desiring to teach engineering to train 
| themselves for the job. Moreover, learn- 
ing to be an engineer requires so much 
time that it is almost impossible for a 
budding teacher to enroll in formal 
courses in pedagogy in which he could 
learn the fundamente’s of teaching. 

* Presented at the Conference of Young 
Engineering Ter chers, ASEE Annual Meet- 
nS Re New lIlsmpshire, June 26, 
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Therefore, improvement of engineering 
teaching must be undertaken after one has 
assumed a teaching position. In a way it 
is typical “on the job training” and many 
avenues are open to better teaching. One 
particular approach to the improvement 
of teaching has been instituted in the Col- 
lege of Engineering of the State Uni- 
versity of Iowa (2). 

The ground work for the course was 
laid by a local committee consisting of one 
assistant professor from each department 
of the college. This committee met for 
several months prior to the inauguration 
of the course and continued meeting dur- 
ing its progress. 

The initial work consisted of defining 
the objectives of teacher training and of 
finding the means by which these could 
best be achieved. After debating numer- 
ous possibilities, the committee agreed to 
conduct a course which would combine 
the techniques and philosophy of engineer- 
ing instruction. The committee then held 
discussions with the dean and with the 
department heads of the College of Engi- 
neering, and their opinions were consoli- 
dated with the objectives already set 
forth. As a third step the College of 
Education was consulted for suitable 
topies for the projected course. 


Organization 


The preliminary organization led to the 
following decisions: that the course be 
aimed especially at young teaching per- 
sonnel consisting of assistants, instructors, 
and assistant professors, but that faculty 
members of higher ranks be invited to 
attend the meetings; that the course in 
its trial period extend over one complete 
semester, with one meeting every week; 
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that attendance in the course be purely 
voluntary; that no remuneration nor re- 
duction in teaching load, because of par- 
ticipation in the course, be requested from 
the school administration; and that the 
course consist of formal lectures given 
by senior members of the College of 
Education and of discussion periods led 
by department heads in the College of 
Engineering. 

The lecture topics in the order of their 
presentation, were as follows: 


Introduction 
The need for teacher training; prob- 
lems faced by the instructor; history 
of education; great names in teaching 
and their philosophies; use of teach- 
ing aids. 

Educational Psychology 
Psychological factors in students; 
mental ability and its criteria; apti- 
tude and aptitude-testing; the effect 
of social and economic background on 
college study. 


Reading and Retention 
Problems involved in reading ability ; 
methods of improving reading; the 
relation between reading and under- 
standing; retention of material read 
or heard. 

Adult Education 
The aims and objectives of adult 
education; difference between college 
education and adult education; tech- 
niques of adult education. 

Examinations 
The purpose and method of preparing 
examinations; objective and nonob- 
jective examinations; grading; cri- 
teria of good examinations. 

Aims of Teaching 
Criteria of good teaching; should stu- 
dents be taught to think? Teaching 
in a divided world; academic freedom. 

Administration 
The private institution and the State 
institutions; statistics pertinent to 
education; appointments, promotions, 
and salaries; the educator as a citi- 
zen. 


Discussion meetings were held pe. 
riodically during the semester, two (de. 
partment heads serving as discussion lead. 
ers in each meeting and answering ques. 
tions raised by the audience. Among the 
questions considered were those concern. 
ing the relative merits of lecture and dis. 
cussion methods of instruction in non. 
laboratory courses, the amount of assist. 
ance the instructor should give with an 
assignment before the student has under. 
taken it, the role of home work, the use 
of the curve and of other standards of 
grading, and the proper amount of credit 
on teaching load for laboratory courses, 

Although the program at Iowa was 
voluntary, attendance at the meetings in- 
dicated interest. Senior faculty members, 
however, were rather more interested than 
were the young instructors. To some ex- 
tent this may be attributed to the fact 
that many young staff members often per- 
form dual jobs because many of them 
teach while they study towards advanced 
degrees. Thus they have little time to 
study teaching techniques. 

In the sessions no textbook was used 
and no assignments were made. However, 
two booklets were suggested and indica- 
tions are that most staff members ac- 
quired them. These are “Effective Teach- 
ing” (3) by F. C. Morris and “Instrue- 
tion Manual” (4) of the Georgia Institute 
of Technology. Further articles from the 
New York Times such as those by Benja- 
min Fine and by Gilbert Highet were 
discussed. 


Observations 


It might be worth mentioning that the 
student body reacted favorably to their 
faculties striving for better teaching. In 
fact the university student daily ran an 
editorial in which it commended the en- 
gineering faculty and expressed the hope 
that other colleges might follow suit. 

Such a training course is obviously net 
the only means for the improvement of 
teaching. In fact no one method is sufi- 
cient to develop a great teacher. De 
velopment of great teachers can not come 
from outside stimuli, but must come from 
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within the budding pedagog. The greatest 
responsibility lies with the teacher himself 
and not with anything or anybody else. 
Nevertheless, training programs, seminars, 
ete. do contribute greatly and serve as a 
forum for discussion. 

Furthermore, teacher training programs 
are very advantageous in bringing to the 
attention of staff members the best and 
' the latest in education. It should be em- 
; phasized that the improvement of teaching 
F need not be attempted in general sessions 
' dealing with pedagogy only. Other pro- 
| grams such as the summer schools organ- 
' ized by the various specialized divisions 
' of the ASEE greatly contribute to better 
| teaching and enhance the capabilities of 
' teachers. 

The distinguished philosopher-mathe- 

matician Alfred North Whitehead (5) 
: points out that a person must be good 
| in everything and excellent in one. It 
> is more difficult for an engineering teacher. 
' He must be good in everything and ex- 
F cellent not in one but in two things. 
| Being good in everything means being 
' educated physically, mentally and morally. 
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Being excellent in two things means that 
an engineering teacher must be an ex- 
cellent engineer and must be an excellent 
teacher. These are requirements with 
which it is difficult to comply. 

In retrospect it may be said that the 
Iowa program brought faculty members 
closer to one another through the concern 
with common problems and the realization 
of the fact that there is no one or easy 
road to good teaching. 
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College Notes 


John F. Gordon, vice president of Gen- 
' eral Motors and chairman of the board 
| of regents of General Motors Institute 
» announced expansion of the Institute com- 
prising a new building of 83,000 square 
| feet to be added to the present structure. 
The addition will add approximately 40 
per cent to classroom, laboratory and gen- 
eral service areas and the over-all expan- 
sion plus the remodeling of the present 
building will be a total structure of 
| modern acceptable standards equipped 
throughout with the most recent and effee- 
tive type of engineering educational facil- 
ities. 


The expansion at General Motors Insti- 
tute will result in greater emphasis in the 
curricula on the experimental approach to 
problems ahead. Wide laboratory areas 
will be provided unhindered by unneces- 
sary partitions that might restrict maxi- 
mum flexibility. These areas will include 
the most modern equipment necessary for 
continual adaptation of the curricula to 
assure that the preparation given the stu- 
dent is kept abreast of the increased tech- 
nical demands that will be made upon the 
future graduate. 





English and History as 


Professional Equipment 


for the Engineer* 


By HENRY DAN PIPER 


Assistant Professor of English, 


President James B. Conant’s excellent 
little book, “On Understanding Science,” 
is based on the premise that a scientific 
education trains a student to think some- 
what differently from his fellows in the 
liberal arts. The humanist who has been 
fortunate enough to have worked closely 
with scientists and engineers will readily 
endorse this proposition. He finds much 
to admire in certain unique habits of mind 
which he recognizes as the distinctive— 
indeed, the most important—fruits of a 
modern scientific or engineering education. 
He respects his scientific colleague’s abil- 
ity to analyze a complicated situation into 
components that can be easily identified 
according to clearly defined and readily 
verifiable standards. He particularly ad- 
mires the scientist’s ability to establish 
fruitful relationships between these vari- 
ous components. And he looks on in awe 
as the scientist’s synthesizing imagination 
successfully utilizes these new relation- 
ships to create a new and meaningful 
intellectual order where before there had 
been only uncertainty and confusion. 

These, of course, are invaluable habits 
of mind. By means of them, during the 
past two centuries, scientists and engi- 
neers in laboratories, factories and draft- 
ing rooms have revolutionized western 
civilization. 

Yet because of the immense success of 
the scientific method, engineers and sci- 
entists are moving out of the drafting 
room and laboratory today in increasing 
numbers. More and more we see them 
assuming new, different and increasingly 

* Presented at the Annual Meeting of 
ASEE at Dartmouth, June 23, 1952. 
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powerful roles in society. For better o; 
worse they are becoming “humanized,” 
at least in the sense that they find them. 
selves today engaged to a greater extent 
than ever before in the buzz and hun 
of everyday human activities. Moreover, 
technical schools, by their vigorous expan. 
sion during recent years, have tacitly av. 
knowledged the importance of these broad. 
ened responsibilities. No one would 
maintain today that scientifie and engi- 
neering students are being educated 
solely for careers in research and deyelop- 
ment. Most of them look forward con- 
fidently to jobs in which they will be 
expected to work closely with, and may 
eventually supervise, lawyers, salesmen 0! 
all kinds, accountants, advertising copy 
writers, personnel advisers, and all the 
other familiar non-scientifie specialists so 
essential to the functioning of any }us) 
industrial enterprise. 

It is in the light of these altered pro- 
fessional needs that the humanist today 
finds himself serutinizing engineering edu- 
cation. Are the peculiar habits of mind 
noted by President Conant as the dis. 
tinctive characteristics of a scientific train- 
ing really adequate professional prepars 
tion for the present-day scientist ani 
engineer? Basing his opinion upon his 
own recent association with a number 0! 
these specialists in government and in- 
dustry, the humanist finds _ himself 
obliged to answer in the negative. I! 
seems to him that technical education 
today is not fulfilling its professional ob- 
ligations when it does not supplement its 
traditional specialized training with cer- 
tain other habits of mind based on more 
1955 
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humanistie disciplines. His reasons for 
thinking so are not the familiar ones that 
usually accompany a plea for the culti- 
vation of the humanities—profound and 
pressing as those arguments may be. In- 
deed the humanist is not even sure that 
most departments of English and history 
are prepared to provide the kind of sup- 
plementary diseiptine that he has in mind. 
For what he seeks is training that will 
teach the technical student to use the 
resources of good English and a sense of 
historical relationships to order and to 
communicate his specialized technical 
knowledge and thereby give it broader 
social meaning than is possible by strictly 
scientifie habits of mind. Our humanist’s 
arguments for such training are, conse- 
quently, narrow and very realistic pro- 
fessional ones. And they are based upon 
his conviction that scientists and engi- 
neers being educated today are destined 
to play more diversified and more socially 
responsible roles in our economy than 
ever before. 


A Problem of Communication 


The particular humanistic habits of 
thought increasingly needed in their pro- 


fessional activities by today’s scientists 
and engineers may be conveniently classi- 
fied under that much-abused but still use- 
ful label, “communication.” We often 
overlook the fact that “communication,” 
in a very important sense, is only a new- 
fangled name for a much older and really 
much more complicated idea, that of 
“leadership.” What, after all, is more 
characteristic of the good leader or ex- 
ecutive than his ability to comprehend 
and to communieate effectively to others 
the special skills, qualities and know-how 
possessed by those working under him? 
When we admit, as we must today, that 
modern specialized education has failed 
to overcome the obstacle of communiea- 
tion, what we are really saying is that 
we are not training our students for ex- 
ecutive responsibilities—for leadership in 
their respeetive professions. It is at this 
point that the humanist feels himself 
justified in offering a few suggestions. 


4ol 
Leadership has always been his 
eminent concern. 

One of the most common shortcomings 
that the humanist observes in his daily 
professional contacts with scientists and 
engineers is the absence of good writing 
habits. It is easy to understand science’s 
age-old suspicion of written language. 
Words are slippery, and they have vague 
and manifold meanings. Science long 
supplanted them with arbitrary 
mathematical symbols which could be 
counted on to preserve constant, precise 
meanings. And the language of mathe- 
matics has proved serviceable in the lab- 
oratory and drafting room. But the en- 
gineer or chemist who depends solely on 
this private method of communication is 
bound to run into trouble, especially if 
he is one of the eogs in the average in- 
dustrial enterprise. After all, the odds 
are that most of his research and de- 
velopment work has been requested by 
sales, operations, legal or some other 
affiliate. If the research worker or the 
development engineer cannot make his 
specialized data meaningful to these more 
secular colleagues, he will find himself 
seriously handicapped. The humanist 
doesn’t have to work very long with sci- 
entists and engineers before he notices 
that here, as elsewhere, advancement opens 
up most rapidly for the man who has 
demonstrated not only technical pro- 
ficiency but also a capacity for relating 
his specialized efforts to those of his other 
coordinate departments. 

We are all acquainted with the typi- 
cal case of the young engineer who is 
unhappily anchored to a routine job in 
the laboratory control room or on the 
drafting board. We see him constantly 
passed over as opportunities for advance- 
ment open up, mainly because his value 
lies exclusively in his technical proficiency. 
He is, of course, the one who eries loud- 
est every Thursday at “weekly report” 
time, and his contributions usually must 
be entirely rewritten by his boss. The 
humanist is inclined to regard .this man 
as little more than a mere “technician,” 
whether he is a Bachelor of Science 


pre- 


ago 
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trained to manipulate scientifie equip- 
ment, or a full-fledged Ph.D. trained to 
manipulate scientific ideas. In either case, 
if he can function only within the narrow 
limits of his scientifie discipline and can- 
not, when necessary, give a larger, more 
complicated and more human meaning to 
his activities through the resources of the 
common tongue, then what is he, after 
all, but a competent “technician?” Is he 
really qualified for more varied and in- 
teresting executive responsibilities? 


The Historical Sense 


No less important than good writing 
habits as a means of communication is the 
historical sense. By this I do not mean 
merely the detailed factual knowledge of 
various political, military and other in- 
teresting events in the past. It is the 
historical sense which gives such events 
meaning. More precisely, the historical 
or time sense is that instinctive sense by 
means of which we habitually order and 
communicate past experience. 

This sense, particularly in our modern 
historically-orientated society, is one of 
the most useful ways of giving a certain 
limited but familiar meaning to human 
activities of any kind, and its use should 
be one of the intellectual disciplines avail- 
able as a form of communication for any 
educated man. In our increasingly spe- 
cialized civilization it is practically impos- 
sible for anyone in an administrative 
post to possess detailed, complete knowl- 
edge of the technical activities of his vari- 
ous subordinates and associates. In place 
of such specialized knowledge the good 
executive must be able, when necessary, 
to substitute historical understanding. 
For the same reasons, he must also be 
able to reshape his own specialized know]l- 
edge historically for the benefit of his 
non-scientific colleagues and superiors. 
This requires not only good writing hab- 
its but also a well-developed awareness 
of the social and other contextual needs 
and desires out of which any given tech- 
nical problem has invariably arisen. It 
is difficult to see how a scientist or engi- 
neer can function effectively as part of 
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any larger cooperative enterprise if hj: 
own specialized functions cannot be read. 
ily interpreted in these broader terms, 
Those of us who have watched special. 
ists struggling with the writing of his. 
tories of their technical activities ¢ay 
testify to the inadequacies of a scientific 
education when it comes to developing a 
historical frame of reference. For jn. 
stance, during the recent war a number 
of top-flight scientists and engineers 
heading up the various research groups 
of the army’s atomic energy project were 
requested to submit historical accounts 
of their non-military research activities. 
The resulting history had been planned 
as a supplement to Professor Henry 
Smyth’s well-known report on the mili- 
tary applications of atomie energy. It 
was undertaken particularly for the bene- 
fit of legal counsel, congressmen, military 
and other interested non-technical authori- 
ties for whom a historical rather than a 
highly technical and analytical account 
of project policies and objectives would 
be most informative. What particularly 
impressed the humanists who were also 
associated with the preparation and edit- 
ing of this history was the inability of 
otherwise competent scientists to bring 
historical perspective to bear on their 
jobs—not only in the writing of these 
historical chapters, but in their ordinary 
day-to-day administrative activities. They 
seemed to think only in the present and 
the future. Accordingly, the histories that 
these scientists initially turned in were 
little more than summaries of future ob- 
jectives and present needs, usually set 
forth in private technical language. The 
relation of such needs to the earlier con- 
ditions out of which they grew, and the 
possibility that these needs might have 
been rendered superfluous by subsequent 
history, were rarely taken into account. 
As a result, trained historians who were 
later called in to restudy these records 
and prepare more adequate histories, un- 
covered a notable amount of pertinent 
data essential to the efficient operation of 
the project’s research facilities. In some 
instances it was found that current in- 
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vestigations: had drifted far afield from 
the objectives for which they had been 
originally initiated. In other cases work 
was going on which was no longer of 
such high priority and from which key 
technical personnel might have been re- 
leased for more important research. And 
oceasionally they found current work un- 
knowingly duplicating previously com- 
pleted investigations, merely because no 
final reports on the earlier projects had 
ever been submitted. 

In other words, few of these top-flight 
scientists had been equipped by their 
professional education with the historical 
perspective so necessary in any executive 
for the efficient administration of his or- 
ganization. Just as rigorous scientific 
training traditionally makes the scientist 
or engineer suspicious of words as ve- 
hieles for the communication of his ideas, 
so he also is naturally sceptical of the 
processes of history. For historical time, 
like so many other incorrigibly human 
affairs, is untidy and confusing and sub- 
ject to many conflicting interpretations. 
The scientist wants his time, like his 
language, stripped of these unreliable hu- 
man associations and sliced up into simple 
units that can be readily measured on 
the blank face of his stop watch. This, 
of course, is a very understandable pref- 
erence, so long as he remains in his labora- 
tory. But written English and the his- 
torical sense continue to be traditional 
means of social communication. And the 
engineer or scientist who aspires to ex- 
ecutive leadership must be trained to 
order and express his specialized knowl- 
edge in these terms as well as by the 
discipline of science. 


Recommended Teaching Procedure 


But how is this training to be carried 
out without further eneumbering our al- 
ready over-crowded engineering curricu- 
lums? Writing has been properly the 
responsibility of the English Depart- 
ment. But it is only one responsibility, 
and is frequently a minor one. The 
teacher of English is also a teacher of 
literature. This usually means that he is 
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primarily interested in developing the 
student’s insights into man’s recurrmg 
problems and his high aspirations, thvough 
the study of great literary works in which 
the human condition has been dramatized 
and otherwise ordered by the creative 
imagination. When the teacher of Eng- 
lish undertakes a course in writing and 
composition, he understandably centers it 
around the formal study and imitation of 
those traditional techniques by means of 
which these problems and aspirations 
have been transformed into literary art. 
Such courses relate only remotely to the 
technical student’s need for instruction 
and practice in the application of good 
writing habits to the content of his pro- 
fessional studies. Besides, few English 
teachers are prepared—technically or 
temperamentally—to give him such in- 
struction. 

History departments, by and large, are 
subject to the same criticisms. Through 
appropriate courses they provide dis- 
ciplined study of the many interacting 
forces that, in the past, have given rise 
to significant military, political and other 
important events. But they are not pri- 
marily interested in training the engineer- 
ing student to be his own historian. They 
tend to assume the existence of a his- 
torical sense, instead of providing for its 
exercise and development. This may be 
a valid assumption in the case of a liberal 
arts student (although I personally doubt 
it); certainly it has been proved unwar- 
ranted with respect to scientists and en- 
gineers. 

In view of these familiar pedagogical 
obstacles, my suggestions for a solution 
to the problem are the following. In 
general, I would require of every scien- 
tifie and engineering student that he dem- 
onstrate, before graduation, a certain 
proficiency in the application of good 
English and a historical sense to the 
data of his special technical field. More 
specifically, I would have each student, 
sometime during his last two years in 
college, submit at least one full-dress 
essay dealing with some problem of this 
nature. His paper may be based on li- 
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brary research, or it may be the result of 
both outside reading and laboratory ex- 
periment. The subject may be a per- 
sonality, an idea, an institution, or any 
combination of these topics. But, above 
all, it should be a subject of genuine 
professional interest ; one that has aroused 
the student’s enthusiasm and stimulated 
his imagination. Only then will he care 
enough about what he has written to 
benefit from criticism and advice. 

The solution outlined so sketchily here 
is only a tentative one, and can be easily 
modified. At this stage of the discussion 
the particular habits of thought that such 
essays should develop are much more im- 
portant than the several alternatives by 
which they can be secured. The main 
advantage of the full-dress extra-cur- 
ricular research paper is that it can be 
introduced as a blanket requirement at 
any time without raising the question of 
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new or changed course-work. An ati; 
tive alternative might be the option 
substitution of a paper, or papers, py 
pared in already established courses 
such as courses in technical or advance 
English composition, or in the impact o: 
science and technology on the history oj 
western civilization. 

Finally, I would require that the essays 
be read and judged by the student’s pro 
fessional advisor as well as by a second 
reader drawn from either the English oy 
history staffs. A satisfactory essay should 
give evidence not only of the writer's 
technical proficiency, but also of his abil- 
ity to place his data in a historical frame- 
work, and to write about it clearly, ac- 
eurately and interestingly. Without this 
ability can we say that any student has 
really mastered his professional discipline, 
or that he is educated in the true mean- 
ing of that word? 
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Industry's Stake in A.S.E.E. 


. . A Message to Industrial Management 


By J. C. McKEON 


Chairman Associate Institutional Membership Committee; Manager, Educational 
Department, Westinghouse Electric Corporation 


The Associate Institutional Membership Committee of A.S.E.E. is now launching its 
major industrial membership drive, after a most successful pilot operation, which increased 


memberships from three to thirty-five. 


The following article is being printed in booklet form for use in connection with the 


Committee’s campaign to interest industry’s top management in A.S.E.E. 


stitutional Membership. 


Associate In- 


As an individual Society member, if your company is not listed in the Yearbook Issue 
of the Journal on the Associate Membership roll, page 36, would you please place this 
article with the accompanying application blank before the appropriate committee. 


The development of technical and man- 
agement talent is a most eritical problem 
facing top management today. The future 
prosperity and progress of every indus- 
trial concern depends upon a constant 
dow of competent people and ideas into 
an organization. The increasing complex- 
ity of industry’s problems requires a 
higher level of technical and professional 
competence. Nothing is more funda- 
mentally vital to a company than a sound 
professional personnel program for lead- 
ership development. 

Enlightened management recognizes its 
partnership with the universities in main- 
taining effective programs for the recruit- 
ment, training, continued education, and 
management development of professional 
people. Industry looks to the enginering 
colleges for a source of technical man- 
power and a reservoir of fundamental 
knowledge. Many companies, however, 
are not fully aware of the assistance the 
colleges are prepared to render. The 
value of satisfactory arrangements for 
ithe recruitment of seniors and the han- 
dling of research projects is apparent. 
Less apparent, but of equal importanee, is 
the value of joint graduate study courses 
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and advanced management development 
programs for professional employees. The 
education and development of our future 
leaders requires a cooperative effort. 


Membership Dividends 


Industry’s stake in engineering educa- 
tion and the American Society for Engi- 
neering Education is vital. A.S.E.E., the 
official professional organization for engi- 
neering education, has guided the college 
engineering programs to their present 
high level. Membership in this great So- 
ciety is not only an honor, but offers many 
tangible benefits to industry. A.S.E.E. 
provides a channel of communication with 
the policy makers of the universities, a 
forum for discussing problems of mutual 
interest, and the machinery for imple- 
menting programs. Effective programs 
with the colleges can be maintained only 
through industry’s close cooperation with 
the college deans and the faculty mem- 
bers. Participation in A.S.E.E. gives the 
industrial manager an opportunity to gain 
firsthand, an understanding of the prob- 
lems of the colleges and to inform the col- 
lege personnel of his company’s needs and 
problems. Association with the college 
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faculty members in the common cause of 
the engineering profession promotes mu- 
tual understanding and respect. 

Associate Membership representatives 
will find participation in the Relations 
with Industry Division of the Society re- 
warding. It is composed of an active 
group of industrial and college faculty 
members. In addition to building good 
relations between industry and the col- 
leges, a number of noteworthy studies con- 
cerning industrial training, qualities nec- 
essary for success in industry, a speaker’s 
manual, teaching aids, technical job de- 
scriptions, selection of college graduates, 
and graduate study in industry were con- 
ducted. ; 

In addition to the activities of the vari- 
ous divisions, Associate Members will be 
interested in participating in the Society’s 
annual meeting, which is held on one of 
the college campuses, and the periodically 
scheduled regional meetings at various 
educational centers throughout the coun- 
try. Each year, the Division of Relations 
with Industry sponsors a College-Industry 
Conference, in addition to its conferences 
at the Annual Meeting of the Society. 
These activities are attended by represent- 
atives from industries throughout the 
country. Associate Institutional Mem- 
bers receive a subscription to the Journal 
of Engineering Education, the official 
publication of the Society, and a copy of 
the Proceedings without extra cost. 

Associate Institutional Membership en- 
titles industrial concerns to participate in 
two of the three governing bodies of 
A.S.E.E., the Engineering College Admin- 
istrative Council, and the Engineering 
College Research Council. The third gov- 
erning body is the General Council, an 
elective body, in which Associate repre- 
sentatives may serve. The Engineering 
College Research Council is comprised 
largely of directors of research, deans of 
engineering, and research directors of in- 
dustry. This Council makes recommenda- 
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tions to the engineering colleges regayiing 
research policies, and serves as a commoy 
meeting ground for those interested jn y¢ 
search developments. 

Industrial members will find that along 
with the many advantages Associate mer, 
bership provides, there is the opportunity 
to serve education and the engincering 
profession by assisting the colleges in the 
development of young men and women 
for professional careers and good citizen. 
ship. 


Organization of A.S.E.E. 


The Constitution of the Society pro 
vides for two classes of members—indi. 
vidual and Institutional. Although the 
majority of the 7000 Individual members 
are college administrators and faculty 
members, a substantial number of indus. 
trial people hold Individual membership 


members: <Active—for aceredited engi. 
neering colleges (every engineering col- 
lege in the U. S. having one or more ae- 
credited curricula is a member) ; Affiliate 
—for educational institutions which are 
not eligible for Active membership, which 
includes 27 members; and Associate—for 
industrial organizations with a major in- 
terest in engineering education. Associate 
Institutional Membership presently in- 
cludes the 35 companies listed below. 

Associate Institutional Membership dues 
are $50 a year. The Society’s fiscal year 
is from July 1 to June 30. Companies 
applying for membership after February 
1 will be billed for one-half year’s dues 
and will receive a copy of the Journal 
starting with the February, 1953 issue. 

The Associate Institutional Member- 
ship Committee extends your company 4 
cordial invitation to participate as an 
Associate Member in the activities of 
A.S.E.E. Please complete the application 
blank today—Associate Membership in 
A.S.E.E. is an investment in your com- 
pany’s future. 
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Please return this application to: 


THE AMERICAN SOCIETY FOR ENGINEERING EDUCATION 


Application for Associate Institutional Membership 


Professor A. B. Bronwell, Secretary 
American Society for Engineering Education 
Northwestern University 

Evanston, Illinois 


The undersigned company or association desires to become an Associate Institutional 
Member of 


THE AMERICAN SOCIETY FOR ENGINEERING EDUCATION 
and hereby agrees to conform to the requirements of membership, if elected. 
Name of Company 


Headquarters Address 


Membership Representative 


Position 


(Note: Unless otherwise specified, dues notices will be sent to the membership 
representative. ) 


Print or type Name of Officer or Other Person Authorized to Apply 
for Membership 


Associate Institutional Membership dues are $50 annually. The Society operates on a 
| fiscal year, July 1 to June 30. Organizations applying after February 1 will be billed 
for a half year’s dues. 
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ASEE 
ASSOCIATE INSTITUTIONAL MEMBERS 


Industrial Organizations 


Allis-Chalmers Manufacturing Company John Wiley and Sons, Incorporated 
American Technical Society Jones and Laughlin Steel Corporation 
American Telephone & Telegraph Company The Macmillan Company 

Bell Telephone Laboratories McGraw-Hill Book Company 
Caterpillar Tractor Company Phillips Petroleum Company 
Chrysler Institute of Engineering Prentice-Hall, Incorporated 

The Detroit Edison Company Reinhold Publishing Company 

E. I. du Pont de Nemours and Company Ronald Press Company 

Eastman Kodak Company Sandia Corporation 

General Electrie Company Scott Paper Company 

General Motors Corporation Standard Oil Company (Indiana) 
Harper and Brothers Standard Oil Development Company 
Hercules Powder Company, Incorporated United States Steel Company 
International Business Machines West Penn Power Company 
International Minerals & Chemical Corp. Western Electric Company 
International Nickel Company Westinghouse Electrie Corporation 
International Textbook Company 


Professional Societies 


The American Institute of Chemical Engineers 
The American Society of Civil Engineers 


The Engineering Institute of Canada 
National Society of Professional Engineers 
Tau Beta Pi 


ASSOCIATE INSTITUTIONAL MEMBERSHIP COMMITTEE 


J. C. McKeon, Chairman 
Westinghouse Electric Corporation 


A. F. Armstrong E. P. Hamilton 

Scott Paper Company John Wiley and Sons, Ine. 
H. K. Breckenridge 8. C. Hollister 

West Penn Power Company Cornell University 

C. L. Brown W. N. Jones 

Standard Oil Development Company Carnegie Institute of Tech. 
C. E. Davies P. V. D. Manning 

A.S.M.E. International Minerals & Chem. Co. 
L. J. Fletcher K. A. Meade 

Caterpillar Tractor Company General Motors Corporation 
C. J. Freund D. R. MecKeithan 

University of Detroit Phillips Petroleum Company 
Keith Glennan E. E. Moore 

Case Institute of Technology United States Steel Company 


Ex Officio 


W. R. Woolrich A. B. Bronwell 
President, A.S.E.E. Secretary, A.S.E.E. 





Unit Operations for Mechanical Engineers 


By CHARLES A. BESIO 


Associate Professor of Mechanical Engineering, Southern Methodist University 


AND 


DR. HAROLD A. BLUM 


Graduate Lecturer in Mechanical Engineering, Southern Methodist University, 
Research and Development Department, The Atlantic Refining Company 


Unit Operations for Mechanical 
Engineers 


To speak of teaching Unit Operations 
to mechanical engineers may produce two 
reactions; from the chemical engineers the 
ery that we are trying to mix fields; from 
the mechanicals, assuming they know what 
Unit Operations involves, the query, 
“what’s that have to do with us?” We 
would like to show that such training is 
now necessary and that it is another case 
of needed preparation of one group to 
work with another. 

Lately, an increasing number of me- 
chanical graduates have been integrated 
into process industries and allied fields. 
This has emphasized a serious shortcom- 
ing in their training. These men find 
themselves ill-fitted for their tasks. This 
is true, either because in their training 
they were exposed to few if any of the 
basie processes employed in this field, or 
if they had been, they shied away from 
it like a fox from a baited trap. It has 
been our experience that the adjective 
“chemical” has a frightening effect on all 
but chemical engineers, particularly while 
they are students. 

A sizable number of young engineers 
eame to us looking for courses to help 
fill this void; men working in the pe- 
troleum industry who knew little or 
nothing about fractionation and distilla- 
tion equipment; men working as mechani- 
cal engineers for chemical concerns who 
needed to know about gas absorption; 
men working for steel fabricators who 
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knew nothing about bubble plates or the 
function of the unit in which they were 
placed, and yet were supposed to design 
these units for fabrication. To assist 
these men, we decided to offer a course 
for non-chemical engineers to cover the 
field ‘of unit operations. 

As these men were all graduate engi- 
neers, the course was given on a graduate 
level. It was not our intent to make 
chemical engineers out of mechanicals, but 
rather to acquaint them with the language 
and methods of unit operations so they 
could work more effectively with chemical 
engineers. 

The course required forty-eight hours 
of instruction and was offered to a group 
of fifteen students in the Fall Semester 
of 1951-52. In the following sections we 
will outline the teaching objectives, sub- 
ject matter covered, and give our evalua- 
tion of this initial course. 

We would like to acknowledge the in- 
valuable assistance given by some of the 
original students in pin-pointing many of 
the strong and weak points discussed. 


Teaching Objectives 


The specific objectives of the course 
were: 


1) To teach the principles of the vari- 
ous unit operations, which amounts 
to semi-quantitative consideration of 
some phases of physical chemistry. 

2) To focus attention on the applica- 
tion of energy and material balances 
to the design of unit operations such 
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C. Physical Principles 
1. Boiling Point 
a) Defined 
b) Vapor pressure 
c) Effect of temperature 


as fluid flow, evaporation, and dis- 
tillation, and 

3) To emphasize the economic factors 
involved in process engineering by 
means of practical problems. 


Subject Matter 


The following is an outline of the sub- 
jects considered in this first course: 


I. Introduction 


A. Definition of Unit Operations 
B. Examples 


If. Fundamental Concepts 


IV. 


A. General Approaches to Unit 
Operations 
1. Material Balance 
2. Energy Balance 
3. Equilibrium Concept (Dy- 
namic) 
4. Rate Concept 
B. Basie Definitions and Laws 
1. Definitions of Chemical Terms 
(Mol, Chemical Formula, 
equations, Mol Fraction, Mol 
Volume) 
2. Gas Laws (Ideal Gas, Dal- 
ton’s Law) 


. Flow of Fluids 


A. Pipes and Fittings 
1. Types and Uses of Pipes 
2. Pipe Layout Design and Cost 
Estimating 
. Energy Relations 
1. Energy Balance Equations 
(General ) 
2. Dimensional Analysis and 
Resistance Concept 
3. Design Problems 
C. Measurement of Flow Rates 
D. Pumping and Compressing 


Heat Transmission 


A. Conduetion 

B. Convection (Emphasis on Cal- 
culations of Heat Transfer Co- 
efficients ) 

C. Radiation 

D. Heat Exchanger Design 


. Evaporation 


A. Background (Definition and 
Examples) 
B. Types of Equipment 


d) Non-volatile solutes 
e) Effect of total pressure 
2. Boiling Point Rise Charts 
D. Evaporator Design (Economic 
Number of Effects, Method of 
Feed) 


. Gas Absorption 


A. Background 
B. Type of Equipment 
C. Physical Principles of Gas Ab- 
sorption 
1. Steady State Conditions 
2. Solubility Equilibrium 
3. Rate of Absorption 
4. Two Film Theory 
5. Mass Transfer Coefficients 
D. Absorption Tower Design 
1. Material Balance 
2. Rate Equation Integration 
(Tower Volume Determina- 
tion) 
3. Transfer Units 
4. Channeling, Flooding 
5. Problems 
Distillation 
A. Background 
B. Types of Equipment 
C. Physical Principles of Distilla- 
tion 
. Scope of Study 
. Ideal Solutions 
. Raoult’s Law 
4. Boiling Point Diagrams 
. Composition Diagram (Con- 
stant Pressure ) 
Plate Caleulations—Binary Sys- 
tems 
A. Definition of Theoretical Plate 
—McCabe-Theile Method for 
Caleulation of Number of The- 
oretical Plates in a Fractioning 
Column 
B. Optimum and Minimum Reflux 
Ratio 
C. Plate Efficiency 


IX. Mechanical Features of Fraction- 


ating Tower Design 
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A. Vapor Velocity 

B. Liquid Velocity 

C. Principles of Design of Risers, 
Downspouts, and Bubble Caps 


Evaluation and Recommendations 


To determine the subject matter which 
should be ineluded in a course of this 
nature cannot be done in a single step. 
After onee presenting the course, it was 
decided to attempt to discover its de- 
ficiencies by means of a questionnaire 
filled out, anonomously, by the students. 

In addition to the questionnaire, the re- 
sults of short examinations, outside prob- 
lem solutions, and informal comments by 
students aided in evaluation of this course. 

From this information was gleaned the 
answers to three questions; first, how well 
the subject information was absorbed; 
second, what the student felt was needed 
in the way of previous study or prepara- 
tion; and third, to what extent the course 
filled the students’ requirements. <A 


fourth question was answered by infer- 
ence, that of how good a preparation the 


student had for the course material. 

The answers to the above questions led 
to one very definite conclusion. The 
normal undergraduate training received 
in mechanical engineering tends to mini- 
mize, and even neglect, a basic under- 
standing of chemistry and its applications. 
Even the psychological attitude of most 
mechanical engineers is against chemistry 
in all forms, as can be well realized by 
those who have labored to get across an 
understanding of combustion to under- 
graduates in thermodynamics and _ heat 
power. There is a definite need to create 
a respect, and to a greater extent an 
appreciation, of applied chemistry. 

It was obvious from the result of that 
part of the survey to determine subject 
absorption that this basic training de- 
ficiency was present. Those subjects 
which depended upon basic understand- 
ing of material closely allied to mechani- 
eal engineering were well taken, while 
those based on knowledge of physical 
chemical principles were not absorbed as 
well. 
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It will therefore be necessary to add 
to the course a study of chemical process 
calculations. This must be done in such 
a way that an interest in the general 
subject is aroused by eliminating the 
vague generalities and associating the sub- 
jects to specific problems in which the 
student has a basie interest. 

All of the students seemed to have some 
desires to cover additional unit processes 
which time did not permit in this course. 
This fact, coupled with the need for more 
introductory material, seems to indicate 
that six semester hours, or possibly even 
nine, will be needed to present Unit Op- 
erations to men trained as other than 
chemical engineers. 

In considering the problem of covering 
all the subject matter desired, two possi- 
bilities present themselves. The one is to 
condense the time allotted to each indi- 
vidual operation; the other is to extend 
the course to six semester hours in length. 
Of the two, we feel the latter is more 
desirable. 

To condense any of the material cov- 
ered would mean that many subjects 
would only be superficially studied. This 
would leave a serious void, and not ae- 
complish the primary purpose of the 
course. If the course were extended, all 
material, introductory in nature, could be 
sufficiently covered and enough time could 
be spent on each unit operation to allow 
sufficient discussion and problem solution 
to give complete coverage. Then, if the 
demand for more thorough familiarization 
arises, still another three hours could be 
used in the solution of actual or simu- 
lated plant design problems, keeping in 
mind that the mechanical aspects of the 
problem are paramount. 

In spite of our limited experience with 
this course, we recommend that serious 
consideration be given by engineering 
schools to the idea of a unit operations 
option, either on the undergraduate or 
graduate level. We believe that this will 
increase the stature of the mechanical en- 
gineer in process industries and result 
in improved efficiency of process opera- 
tions. 





A Mathematics Foundation for Industria] 
Engineering * 


By HOWARD P. EMERSON 
Professor and Head of Industrial Engineering, University of Tennessee 


Engineering has always been built on a 
foundation of mathematics and the basic 
sciences. 

The trend today is toward greater use 
of mathematics. The Committee on Ade- 
quacy and Standards of Engineering Edu- 
cation of ASEE recently concluded that 
“the greatest potential for future develop- 
ment in science and technology is to be 
found in mathematies.”! Engineering 
fields other than Industrial Engineering 
are finding growing need for a better 
foundation in mathematics and for mathe- 
matical courses higher than calculus. 

For example, in the Southeast, curricula 
are beginning to be influenced by three big 
projects: atomic energy development at 
Oak Ridge, the Arnold Engineering De- 
velopment Center at Tullahoma, Tennes- 
see, and TVA with its regional electric 
power system. All of these projects main- 
tain teaching or research relationships 
with the engineering colleges of the South- 
east. The mechanical engineers are find- 
ing a need for higher mathematics for 
wind tunnel and jet propulsion calcula- 
tions, the chemical engineers need higher 
mathematical analysis for atomic reactor 
design, and the electrical engineers have 
long required courses in differential equa- 
tions since rates of change dominate their 
fields of study. 


* ASEE Annual Meeting, Industrial Engi- 
neering Division, Dartmouth College, June 
25, 1952. 

18. C. Hollister, C. 8. Crouse, L. F. Grant, 
and M. D. Hooven, ‘‘Report of Committee 
on Adequacy and Standards of Engineering 
Education,’’ The Journal of Engineering 
Education, 42: 249-254, January 1952. 
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What about the industrial engineers? 
Do I. E. students already get enough 
mathematics or will Industrial Engineer. 
ing follow the path of other engineering 
fields which also started with practical, 
rule-of-thumb methods but have become 
more and more dependent upon mathemat- 
ics? 

This program today on “Mathematical 
Analysis in Industrial Engineering” is in- 
tended to explore this question. In prep- 
aration for it one of the participants made 
a significant discovery—that it was hard 
to find industrial engineering applications 
of general mathematics, other than arith- 
metic and algebra, but further that there 
are “few applications of mathematics to 
industrial engineering problems that do 
not involve some aspects of statistics.” 

This discovery raises two points for con- 
sideration : 


1. What present or future industrial en- 
gineering problems require mathematics in 
their solution and what are the mathemat- 
ical techniques which the industrial engi- 
neer needs to solve them? 

2. If most of the applications of mathe- 
matics are found to involve some aspects 
of statistics, is not this the logical field of 
specialization for Industrial Engineering? 


Mathematics Courses Needed 


Most of the conventional mathematical 
techniques, with the exception of statistical 
mathematics, are probably included in 
what I. E. students get now. At least this 
is what we found at the University of Ten- 
nessee, where a recent review of mathe- 
matical requirements common to all en- 
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gineering fields suggested that few new 
topics needed to be added in the existing 
subject matter. Our engineering faculty 
| adopted a requirement, which goes into 

effect this fall, of 5 hours each quarter 
' jn mathematics for the first two years, a 
' total of 30 instead of 24 quarter hours in 
' a common unified course for all engineer- 
ing students. This unified course starts 
with differential caleulus in the second 
week of the freshman year and ends with 
a brief introduction to differential equa- 
tions. It is hoped that this will answer 
the objection of all departments requiring 
advanced work in mathematics that poor 
preparation limits performance in higher 
mathematics courses. 

On such an expanded two year mathe- 
maties foundation later courses can be 
added if they become desirable. What 
would be such higher courses for the in- 
dustrial engineer? One might be matrix 
algebra, useful in solving simultaneous 
equations and reaching decisions on op- 
timum situations involving many vari- 
ables. Differential equations may not be 
necessary since most of those industrial 
engineering phenomena involving rates of 
change can be handled by integral cal- 
culus. In the new field of cybernetics, in- 
volving substitution of mechanical for hu- 
man brains in the form of computing ma- 
chines, the industrial engineer already uses 
IBM punch card equipment and automatic 
calculating machines of ten digits, and 
these may be adequate for some years to 
come. In another new field, operations 
research, statistical mathematics comes 
into play. 


Statistical Mathematics 


The major exception not covered ade- 
quately in the basic two year mathematics 
course for engineers is mathematical sta- 
tisties. Engineers have lagged behind in 
using statistical methods. Nearly every 
other profession has made use of them. 
If Industrial Engineering follows the trend 
of other engineering fields in requiring ad- 
vanced mathematics in undergraduate or 
graduate work, I believe its field of spe- 
cialization will be that of mathematical 


statistics. Statistical methods have al- 
ready opened up new opportunities. They 
have brought striking results in quality 
control. But control of quality is only the 
beginning of the applications of mathe- 
matical statistics to manufacturing and 
manufacturing research. 

Furthermore, some of the older indus- 
trial engineering techniques themselves, 
such as time study and methods evalua- 
tion, can be improved by statistical analy- 
sis. 

A Subcommittee on College Courses of 
the American Society for Quality Control 
recommends one year of basic and ap- 
plied, mathematically sound, statistical 
courses (9 quarter hours) as the eventual 
goal for all engineers.” 

On the basis of all of this I believe the 
industrial engineer should “latch on” to 
statistical mathematics as the most produe- 
tive of the mathematical fields. The in- 
dustrial engineer should become the leader 
in developing engineering applications of 
it. 

If this is a logical conclusion, how 
should industrial engineering students get 
their training in statistical methods? All 
of us throughout the country have been 
trying out different ways to accomplish 
this. 


Probability Theory in Basic Math Courses 


One suggestion is to include more prob- 
ability theory in the first two years of 
mathematics. The new unified math pro- 
gram which I mentioned will include not 
only work on the binomial theorem and the 
method of least squares for fitting data, 
but an introduction to probability and 
statistical methods including permutations, 
combinations, the normal probability 
curve and correlation. I believe an in- 
troduction to these topics will get around 
a road block which seems to delay students 
in grasping probability mathematics. 


2 Industrial Quality Control, Vol. VI, No. 
4, January 1950, pp. 27-30, ‘‘Statistics and 
Quality Control in Engineering Courses,’’ 
Report of Subcommittee on College Courses, 


ASQC. 
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Statistics Courses for Engineers 


There are three phases to this unique 
field of statistical mathematies: 


1. Applications by industrial engineers 
in plants. (Setting up control charts, in- 
troducing sampling plans or procedures, 
designing plant experiments. ) 

2. Statistical techniques required for 
these applications (such as the normal dis- 
tribution, Poisson table, correlation, t-test, 
F test, analysis of variance, Latin square). 

3. The mathematical basis for these 
techniques (such as proofs of formulas, 
the derivation of the data in statistical 
tables, mathematical properties of the 
normal curve and the whole concept of 
probability). 


In view of this three-dimensional aspect 
of statistics for engineers, it is a knotty 
problem to decide who should present this 
subject to the undergraduate. One posi- 
tion we can take at the start: the engineer 
should teach the applications of this or 
any other method in engineering. The use 
of statistics is simply one means to an end. 
Departments of statistics teach the statis- 
tical techniques, but do not purport to do 
more than indicate how the formulas and 
tables were derived. If we turn to the 
mathematics department, which engineer- 
ing colleges have been accustomed to do- 
ing in other mathematical fields, we run 
into a number of problems. One is the 
problem which we have faced in calculus, 
that math departments sometimes seem to 
have little interest in practical examples 
and may confuse the student with mathe- 
matical procedures, proofs of theorems, 
and derivations of tables, losing the stu- 
dents’ interest. In the case of statistics 
this is tragie for it is a fascinating new 
field for the engineer. 


Problemy of Presentation of Statistical 
Mathematics 


A further problem in building this 
foundation of statistical mathematics for 
industrial engineers is the type of presen- 
tation. Should each formula or table be 
backed by rigid proof? This will indeed 


get into matrix theory and the geometry 
of hyperspace, for some of the proofs 
in the field of statistical mathematics ay 
as difficult as they come. Industrial ey. 
gineering students who take statistic) 
mathematics will find it as high level wor 
as the mechanical or electrical or chemieca| 
engineers face in the higher math courses 
which they may take. Mathematical sta. 
tistics is not easy. 

Finally, shouldn’t we think of statistica) 
mathematics, not as an area of specializa- 
tion, but an integral part of common core 
mathematics? * It is needed especially by 
industrial engineers but is eventually to 
be of use to all engineers. I believe this 
is in line with recommendations of the 
ASQC.* Teaching of both mathematic 
and engineering will need to be reoriented. 

With manifold applications of statistics 
ahead of us, would the engineer not be 
wise to turn to mathematics as the basic, 
first-hand source of the theory to be ap 
plied? 


Conclusions 


The answer to the question of how mucli 
mathematics the industrial engineer should 
have, and how to present it, depends upon 
our concept of the industrial engineer and 
the relative emphasis on basie science ani 
mathematics vs. applications 

I discussed this whole problem with a 
practicing industrial engineer in a metal 
working plant who came to us recently 
looking for graduates. He said, “Just 
teach them to add and multiply.” 

I next discussed it with a consulting in- 
dustrial engineer who had recently re- 
turned from Europe, where he found that 
industrial engineers are beginning to use 
higher mathematics. He said, “I feel that 
the industrial engineer in the future will 
be using some of the computing machines 
and matrix algebra. I believe that he 
should have a thorough grounding in sta- 
tistics which should be taken after he 
has compleied his caleulus and probably 


3 Everett Laitala, Correspondence dated 
June 4, 1952. 
4 ASQC Subcommittee, op. cit. 
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| should take matrix algebra at the same 
B ye ” 

In the light of these conflicting com- 
ments this paper suggests the following 
conclusions, in summary : 


1. Many opportunities exist for using 
mathematical analysis in Industrial Engi- 
neering. This can be confirmed by mak- 
ing a list of mathematical techniques, both 
in general and statistical fields, and in a 
parallel column present or potential ap- 
plications of each in Industrial Engineer- 
ing. 

°, Most of us have failed to make full 
use of these mathematical methods, but 
Industrial Engineering is not the only 
field which suffers from this failure. One 


' yeason for the reluctance to use mathe- 


maties by student, teacher, and plant engi- 
neer is that thorough understanding of 
mathematical analysis and practice in its 
applications are not provided in under- 
graduate work. 

3. It is not enough to make “mere trans- 
lations from a literary form of expres- 
sion into symbols, without any subsequent 
mathematical analysis.”°5 Not only econ- 
omists, to whom this quotation has refer- 
ence, but also industrial engineers in hand- 


5 John Von Neumann, and Oskar Morgen- 
stern, Theory of Games and Economic Be- 
havior, Princeton: Princeton University 
Press, 1944. 


book style do this in such expressions as: 
R=Y+C+Et+F+Mt+L+T. 


4. In order to bring about greater use 
of mathematical analysis in Industrial En- 
gineering a firmer foundation of mathe- 
matical training needs to be provided for 
beginning students. One solution may be 
more hours devoted to the present mathe- 
matical subject matter. Another may be 
the so-called “unified” approach, which 
is being presented and discussed in the 
Mathematies Division of this conference.® 

5. As “A Mathematics Foundation for 
Industrial Engineering” this paper sug- 
gests that two years of fundamental math- 
ematics, more complete and thorough 
than it is now given, can provide the in- 
dustrial engineer with many techniques 
which he might be encouraged to use more 
than he does at present. 

6. Expanded emphasis on fundamentals 
ean also provide a solid foundation for 
advanced mathematics courses or study. 
If such advanced work is needed, the first 
promising new field for industrial engi- 
neers is that of statistics or mathematical 
statistics. Other new fields like matrix 
algebra and symbolic logic ean be in- 
vestigated by gifted students through 
choice of electives or thesis investigations. 


6 W. R. Van Voorhis, ‘‘ An Integrated Ap- 
proach to Basie Mathematies.’’ 





Are We Ready to Consider a Major Change 
in Policy?* 


By W. 8. EVANS 


Professor of Civil Engineering, University of Maine 


Engineering—An Art or a Science? 


The one piece of legislation most often 
mentioned in educational circles is prob- 
ably the Morrill Act. Since this Act was 
signed in 1862, I am going to start off 
by saying that ninety years ago, our 
fathers made possibie for future genera- 
tions a new kind of education. Although 
it is not necessary for me to tell you that 
the part of this plan in which we are 
most interested was labeled, “Mechanic 
Arts,” I remind you of it to emphasize 
that the forerunner of Engineering Edu- 
cation was thought of as an art. Of 
course, engineering was in those days, and 
still is, a mixture of art and science; but 
just as we can all agree on this, so I 
think, we can all agree that the mixture, 
the ratio of the part attributable to art 
to the part attributable to science has 
changed. 

As evidence of this it is found that 
from the structural standpoint, present 
day writers credit the discovery or crea- 
tion of the various styles of ancient 
architecture, the Greek Doric and Ionic, 
the Roman Arch, the Gothic Vaulting, to 
their creators as artists not as scientists 
or engineers. While the results were en- 
gineering accomplishments, they were ar- 
rived at by intellectual and physical 
processes which characterize an art rather 
than a science. Of course the originators 
of these ancient styles of architecture were 
great architects and engineers but their 


* Presented at the 60th Annual Meeting 
of ASEE, Dartmouth College, June 23, 
1952. 
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accomplishments seem to have been de- 
rived from art, not science. Great strides 
had been made prior to the middle of the 
nineteenth century, but when the Morrill 
Act was signed, there was still a close 
linkage between the craftsman and engi- 
neering accomplishments. As examples 
of what I mean, study the old covered 
bridges of New England and the type of 
building construction which required four- 
feet thick walls. I once had a_ well- 
known bridge engineer explain to me how 
he could determine accurately the bearing 
power of a soil by the kind of imprint 
his heel made upon it. I have no doubt 
that he could, but it was through ability 
developed as an art and not through sci- 
entifie deductions that he was able to 
make such decisions. 

When Frank Lloyd Wright built the 
first modern home, the exterior of which 
was not determined by conventional ap- 
pearance but by the interior demands 
based on a utilitarian use of space, he 
began to take the art out of architecture. 
It is worthy of note that while the types 
of architecture developed in the remote 
past are attributed to the great artists 
of the time, the modern skyscraper in all 
its many styles, in fact most of the mod- 
ern developments in architecture, are at- 
tributed to the engineer. The point I 
wish to make is that while 2000 years 
ago a structure had to be created by a 
master much as painting was created or 
a statue was modeled, today design is 
based on fundamental principles and con- 
cepts which may be acquired by anyone 
who possesses the will to do so and the 
necessary mathematical background. 
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ARE WE READY TO CONSIDER A MAJOR CHANGE IN POLICY? 


service is the Yardstick of Engineering 
Accomplishment 


You may be wondering just what this 
has to do with our subject. We have been 
asked to investigate and evaluate our 
present engineering curricula. To in- 
vestigate is difficult unless we know the 
purpose of our investigation and to evalu- 
ate is impossible without a standard of 
measure. Then we should first determine 
what we are to measure, second, estab- 
lish a standard by which to measure it, 
and third, make such investigations as are 
necessary to apply the standard. 

Rather than measure the success of our 
educational program as it affects the in- 
dividual and the employer, let us con- 
sider its effectiveness as a service to the 
public. Let us consider such questions as 
“Is Civil Engineering as a science pro- 
gressing satisfactorily?”; “Are the strue- 
tures we build the safest and most eco- 
nomical possible with the men and 
materials available? 

As answers I would like to present a 
few observations. Three years ago there 
was built on the University of Maine 
Campus two fairly large buildings with 
reinforced conerete frames. Today, in the 
third year of their use, bad cracks are 
opening up under the spandrel beams at 
the roof level. Why? ‘Two years ago 
at Seattle, a representative of the Port- 
land Cement Association, told this group 
that we were 20 years behind the times 
in what we were teaching in our Concrete 
Courses. That gentlemen, is why those 
buildings are cracking. We don’t under- 
stand Reinforced Concrete Design as we 
should. At Seattle, when that statement 
was made, we, not all of us, but you and 
I, rose up and said we couldn’t do any 
different as we had to teach design ac- 
cording to the present specifications, and 
now I remind you of the title of this 
paper, “Are We Ready for a Change?” 

Last summer, while travelling from 
Pittsburgh te Harrisburg over the Penn- 
sylvania Turnpike, the most extensive 
superhighway in the country, I counted 
ten repair crews working on the roads 
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in each direction, 20 in all, replacing 
broken down slabs and I am told it has 
become worse since then. From one coast 
to the other we find roadways pumping 
mud, pavements beaten up and broken 
down. And why? There aren’t enough 
engineers who understand the necessity 
for sufficient foundation under our high- 
ways and who possess the will to obtain 
such understanding. The men who will 
be in the key positions in our highway de- 
partments 20 years from now are in our 
institutions this year. Will they be the 
right men for the positions, unless we 
are willing to make a change? 


Theoretical Analysis and Technical 
Development 


I’d like to give more examples in more 
fields but time doesn’t permit. I am 
going to take time to ask a few more 
questions. 

Is it accident that many of the leading 
mathematicians and scientists in this 
country were foreign born? Of course 
you can answer that, in many eases, cir- 
cumstances forced them to this country 
and we have educated some great sci- 
entists too, all of which is true. Then 
I would ask “Is it accident that most of 
the original work on prestressed concrete 
was done in Belgium and France?” But, 
vou can say, shortage of materials forced 
its development and I would remind you 
that, having been shown its use, we don’t 
seem to find it such a bad economy either. 

No, these things have not occurred by 
accident. The pattern is too clear cut. 
The Europeans have excelled in originat- 
ing those things which ean be derived from 
a background of fundamental theory. 
The reason is clear. The philosophy of 
Engineering Education in Europe is 
based on theoretical treatment of prob- 
lems in hand. Ours is based on a practi- 
eal treatment. Again I ask “Are we 
ready for a change?” 


Requirements Change 


Through the wisdom of our legislators 
in 1862, our engineering schools were 
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founded as “Colleges of Mechanic Arts.” 
This was just and proper but times have 
changed. Civil Engineering in 1862 con- 
sisted largely of surveying and bridge 
building, with the building of canals and 
dams next. The field was narrow, the 
students few, and the instructor would 
pass on his skills with ease and effective- 
ness, but we are working under a differ- 
ent set of rules in 1952. 

The American Society of Civil Engi- 
neers lists 14 Technical Divisions. If 
we consider 12 functional divisions for 
each one of these technical divisions, then 
we get 168 different classifications. Actu- 
ally there are many more. So we see 
that since 1862 Civil Engineering has 
broadened to fields unheard of at that 
time. In the meantime it has become 
much less of an art and much more of a 
science. I cannot feel that our curricula, 
our methods or our philosophy have 
changed in proportion. 


Our Objectives Should Change 


You may well ask just what I mean by a 
change in Policy. I’m not sure I ean 
explain it in a few moments, but I ean 
try. 
Let’s start with Soil Mechanics. It was 
my fortune some thirty-four years ago 
to be subjected to a course in Founda- 
tions. As I remember the study consisted 
of a very rough classification of soils and 
a prolonged study of existing structures 
and their behavior. This was a common 
procedure, but Soil Mechanics as a science 
could never have developed from this 
kind of a foundation. When a scientist, 
properly trained, undertook to find out 


what happens to a particle of soil gb. 
jected to stress, Soil Mechanics, as a g¢; 
ence, began to develop and it couldn 
have developed any other way. 

If we ever hope to design concrete 
structures on anything approaching a gq. 
entific basis, we must study the particles 
of concrete and their behavior from the 
time the mass is placed until it has hee; 
subjected to service for a period of years 
In much of our structures work, th 
student gets the idea that he is studying 
specifie structures rather than funda 
mental principles of stress analysis. |; 
seems that in many cases we actual) 
teach a few isolated applications instead 
of fundamental theory applicable to a 
broad field. 

The change I am talking about requires 
no radical changes in our methods or cur 
ricula but it would require a change jn 
our objectives and attitudes toward what 
is expected of a man with the B.S. degree 
The young graduate should not expect 
$5000 for his first year’s work and his 
employer should expect to offer a longer 
period of training and less immediate re 
turns. In brief, we should hold the four- 
year curriculum for those things which 
can best be taught in the atmosphere of 
an institution of higher learning. We 
might adopt some such motto as “The 
Sciences for the student, the Arts for 
the practitioner.” We must ever strive 
to increase the ratio of science to art in 
our engineering work and thereby con- 
tinually whittle down on the factor of 
ignorance. This will require a change 
in our philosophy. 

Are we ready to face that change? 
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The Role of the Instructional Staff 
in Extension Development 


By M. D. ADAMS 


Assistant Professor of Physics, Purdue University 


Campus and Extension Relationship 


Insofar as the program of the Exten 
sion is a duplicate of existing campus 
functions, adequate machinery and con- 
trols are available through the existing 
Departments of the University and admin- 
istrative organization. Purdue University 
has been extremely wise in extending in- 
tact, these time-tested controls to similar 
off-eampus activities. It is not the pur- 
pose of this analysis to question this exist- 
ing organization or its adequacy to do off- 
campus the same job that it does on- 
campus. 

But the Extensions represent a pioneer- 
ing movement, in a sense, into new fields 
and heretofore undeveloped phases of 
technical education. There are conse- 
quently problems associated with them 
which are not shared by the campus or- 
ganization but are unique with the Exten- 
sions. For the solution of these special 
problems, the campus-directed organiza- 
tion alone cannot do the job that progress 
and the urgency of “today” demand. 


Some Extension Problems 


What are these specialized problems 
growing out of specialized functions? 

Very briefly summarized, the basic facts 
and conditions concerning the Extension 
Program which differentiate it and its 
problems from the campus program are 
these : 

1. Extension students usually live at 
home with the attendant advantages in 
economical living but disadvantages of 
transportation, disturbing home influences 
on study, and absence of many campus 


cultural influences and 
periences. 

2. Extension students are combining 
“Karning and Learning” to a far greater 
extent than are eampus students, and have 
the accompanying problems of time-budg 
eting, overwork, and health hazards. 

3. Much of the program of the Exten- 
sion falls into the classification of adult 
education with its part-time, older night 
students. This necessitates a wide depar- 
ture from the formal and traditional class- 
room methods to those better adapted to 
adult education. 

4. In the college-credit classes, more and 
more students of border-line ability-level 
are using the Extension for a “try-out” 
period. The result is more stringent de- 
mands in the field of guidance and a 
greater premium on instruction and in- 
structional effort than with the higher- 
ability average of students on the campus. 

5. The terminal two- and three-year 
programs of the Technical Institute are 
exclusively specialized Extension activities 
with all of the attendant problems of 
working in a new field in close cooperation 
with loeal industries whose needs the pro- 
“ram serves. 


developing ex 


Some Conclusions 


From such a hasty sketch, what should 
be our conclusions? 

Over-all generalizations are difficult to 
make, but this Extension program clearly 
implies that some of its greatest assets 
will be: 


1. Flexibility, sensitivity for, and close 
coupling to community needs. 
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2. An atmosphere of genuine interest, 
and wholehearted helpfulness in guidance 
and learning processes. 

3. Over and above all, a very high 
caliber of instruction, based on mastery 
of subject material, knowledge of teaching 
techniques, and understanding of students 
and their individual needs. 

4. Facilities for making this program 
effective. 


All of the adequate adaptations and ad- 
justments needed to bring the operative 
program more closely into line with the 
above goals and objectives of the Exten- 
sion cannot be made, with complete suc- 
cess, by long range from campus offices 
but must be made largely on the front 
lines by front-line operatives. Such ad- 
justments can only be achieved gradually 
through the years by responsible, whole- 
heartedly interested, pioneering staff mem- 
bers wrestling daily with their very real 
front-line problems. Without utilizing 
the initiative and originality of these ac- 
tive instructional staff members, the Ex- 
tension will never take on that distinctive 
character that it must assume if it is to 
survive and meet its highly specialized ob- 
jectives and obligations. 

Neither will it be sufficient to staff the 
Extension with energetic, ambitious, and 
far-seeing administrators who have the vi- 
sion to understand the role of such an in- 
stitution in the community, if that admin- 
istration acts on the principle that ade- 
quate progress can be accomplished by 
“executive edict” from the top down. Cer- 
tain achievements may ensue from such 
eontrols, but cooperative team work be- 
tween the entire staff on the job can alone 
attain the highest goals. Far worse would 
be the situation if any Extension should 
ever become tied down to men of small 
administrative stature to whom the in- 
structional staff would look in vain for 
the constructive leadership so essential in 
any cooperative endeavor. 


Some Suggestions 


How best, then, can the cooperative ef- 
forts of the entire staff be directed and 
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guided to achieve these common, desirable, 
specialized goals of the Extension? 

Before constructive, cooperative work 
ean be achieved, correct attitude and mo. 
rale among staff members toward the en. 
tire program of the Extension must be 
secured. Somehow there must he en. 
gendered in each member a feeling of per- 
sonal and group pride in the work being 
done. Little progress can be made as a 
group until each person accepts the re- 
sponsibility, not only of doing his own 
specific work well, but of promoting the 
common welfare of the Extension wher- 
ever possible. 

If the work of the staff is to be properly 
coordinated, it cannot be sporadic or un- 
organized. Concerted group action can 
only function where responsibility and 
authority are clearly defined, understood, 
and generally accepted. 

Of course, it is possible for a staff to 
mire itself down in the maze of its own 
organization with a multitude of nominal 
committees and officers whose functions 
are poorly understood, whose authority 
and responsibility are undefined or at best 
hazy. It is of utmost importance that the 
administrative and instructional staff mu- 
tually define, or re-define, and establish 
these relations so clearly and openly that 
no doubt can exist, or the feeling ever 
prevail that where the program fails it 
is “your” failure, but where it succeeds 
it is “my” success. Where authority is 
needed, it must be clearly granted and 
the accompanying responsibility accepted. 
Where decisions are to be made within 
the province of the staff, they must be 
made only in the democratic manner by 
the groups concerned. 

Attitude, however good, and organiza- 
tion, however efficient, do not of them- 
selves alone guarantee sound development 
of the Extension. The staff will never be 
capable of doing the required construc- 
tive thinking, planning, and deciding un- 
less thoroughly and painstakingly fortified 
with all available knowledge and facts 
pertaining to the Extension at all times. 
The staff must be supplied with all of the 
information available as soon as it be- 
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comes available. This cannot be left to 
chance, or the “grapevine” but must be 
supplied by definite, well-planned chan- 
nels. 

A mimeographed news bulletin pub- 
lished weekly through the cooperative ef- 
fort of administration and staff would ap- 
pear to be of value and to be recom- 
mended. More bulletin material on a 
large bulletin board avuilable only to the 
staff might be utilized. Not only is basic 
information about courses, classes, hours, 
objectives, ete., necessary to the staff for 
constructive thinking, but also every staff 
member is and should be more or less a 
public relations agent for the school wher- 
ever he may go in the community. He can 
function in this capacity only to the extent 
that he is well informed. 

The effect on staff attitude and morale 
in being in “On the Know” is great; be- 
cause with this sharing of the knowledge 
and plans comes the feeling, “This is MY 
school. I am a vital part. I am not a 
mere observer or passive employee. My 
achievements are given fair recognition.” 

While the problems in the various de- 
partments may vary widely, there are still 
many problems common to all Depart- 
ments and all staff members of the Ex- 
tension. It is important that these prob- 
lems be faced cooperatively by the staff. 
A definite schedule of professional meet- 
ings devoted to planned exchange of ideas 
and experiences on these specialized com- 
mon problems should be a vital part of 
the yearly plans of operation. The con- 
tent of such meetings would be both in- 
spirational and informative in character. 
These discussions would serve the double 
purpose of informing and at the same 
time welding the staff into a genuine pro- 
fessional group, understanding and work- 
ing together to achieve common objectives. 
Such meetings are not to be confused with 
administrative meetings held at rare in- 
tervals for clarifying administrative de- 
tails only. 


Orientation Meetings 


The specialized objectives of the Ex- 
tension are such as to place superior in- 
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struction at a high premium. This should 
be one field in which the smaller Extension 
located in its own geographically small 
community, with closely integrated staff, 
should be able to excel the campus organ- 
ization. Circumstances, however, make it 
necessary to utilize instructors who have 
not always been well prepared in the “art” 
of superior instruction. Especially is this 
so with the many part-time instructors 
from industry who, in some cases, have 
had no previous experience in teaching al- 
though well grounded in their own special- 
ized fields of knowledge and skills. There- 
fore, it would appear to be advisable that 
in addition to the professional meetings 
mentioned above that there should be care- 
fully planned orientation meetings for 
new instructors and part-time instructors. 
These meetings could well be planned for 
weekly intervals covering from one to two 
semesters. Attendance and participation 
could be made a part of the teaching con- 
tract. If the supply of potential instruc- 
tors in the community were large enough 
to justify it, there might come a time when 
attendance at such a series of meetings 
could be made into a prerequisite for em- 
ployment later and thus build up in the 
community a “backlog” of properly or 
partially oriented and trained instructors 
in various fields for part-time or even full- 
time employment. The content of such 
meetings would include not only instruc- 
tion in the basie objectives of the school 
and the administrative details of opera- 
tion, but carefully planned and functional 
instruction in the art and techniques of 
good teaching. 

This orientation program would utilize 
instruction that is now available at most 
of the centers in the form of key instrue- 
tors who have demonstrated themselves to 
be superior teachers. There is no reason 
to believe that such added duties would be 
an additional burden. They should be 
part of the regular teaching load of the 
key instructors. To most teachers, such 
selection would come as an honor and a 
personal challenge to increase further 
their service to the institution and to their 
students. 
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Associated with this in-service training 
is recommended closer cooperative super- 
vision of the actual conduct of class in- 
struction. The nature of the instruction 
that takes place is so vital to the institu- 
tion that every opportunity for improving 
and maintaining the best must be utilized. 
A few poor spots in instruction, as well 
as a few rare cases of perniciously poor 
practices and attitudes, may do more harm 
to the entire program than a far greater 
number of superior instructors could off- 
set. Cases of poor teaching practices 
must be eliminated through constructive 
supervision plus the united pressure of 
faculty group-opinion to attain excellence 
of instruction. 


Dual Nature 


The administration and direction of the 
Extension are made doubly difficult by 
the dual nature of the program—College 
Credit and Technical Institute. Misunder- 
standings between these programs in some 
cases have apparently worked against the 
best interest of the entire Extension. 
There is, of course, no fundamental con- 
flict between the two sets of objectives as 
they almost perfectly complement each 
other. But artificial barriers may arise 
and even be magnified into important ob- 
stacles to progress, if certain pitfalls are 
not avoided. 

In a few cases there may have been a 
feeling between these two groups that 
there is a difference in prestige, a differ- 
ence in the fundamental worth and sound- 
ness of the two programs. Such a concep- 
tion, of course, disappears when a sound 
general philosophy of Technical Educa- 
tion as a whole is developed. The feeling 
that one program can grow only at the ex- 
pense of disregarding or sabotaging the 
other is not well founded. To avoid and 
to eliminate this feeling become the direct 
responsibility of teaching and administra- 
tive staff. Inasmuch as the objectives are 
so different, the instructional problems 
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‘and procedures must differ widely. 


difference automatically eliminates yp, j 
overlapping of staff functions—teaching 
in both programs. But where overlapping 
instruction is possible, without detrimen; 
to either program, it is heartily advocate 
for its unifying influence. There has ex 
isted an attitude on the part of some tha 
one program is to grow and develop—t}y 
other to deteriorate to extinction. This at 
titude, while not based on sound fact, js 
deplorable in the effect it produces in dis 
rupting proper coordination and coopers 
tion and in undermining staff morale. 


Cooperative Teamwork 

A University teaching staff is not lik: 
unto a group of day laborers who do thei) 
cut-out work, perform the bidding of th 
boss, draw their pay, and go home. They 
are high-calibre men and women who think 
as they work, who are fully capable and 
qualified to contribute the fruits of their 
thought to the betterment of the school, 
if given an opportunity to do so. For 
administrative officers to ignore this in 
thought or deed, intentionally or not, is 
to throw away a tremendous asset of the 
school. For the administration alone, at 
any level, to set up any unique Extension 
policy and “spring” it in “edict” fashion 
on the staff is a most unwise procedure. 
The average staff member is fully capable 
of giving very sound consideration and 
counsel on all problems intimately as- 
sociated with the Extension’s progress, 
and if his whole-hearted cooperation is to 
be secured, opportunity for this must be 
provided and major policies projected 
only after a majority of the staff has he- 
come convinced of the soundness of the 
change and has been enlisted whole-heart- 
edly in its support. 

Here, as in so many other of our Amer- 
ican institutions, the ultimately greatest 
dividends come only as the result of co- 
operative teamwork. 
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Some Thoughts on the Purpose of a 
College Education* 


By ROBERT S. ROWE 


Associate Professor of Civil Engineering, Princeton University 


Have you ever stopped to ask yourself 
the purpose of a college education? Is 
it to obtain knowledge? Is it to insure 
a job? Or is it to guarantee wealth and 
success ? 

Have no illusions. Of the vast amount 
of knowledge available, a student is ex- 
posed to a very small amount, and two 
years after graduation he has forgotten 
much of that. An education is an op- 
portunity and does not guarantee any- 
thing. You get out just what you put in 
—no more, no less. It is true that if you 
have been adequately educated, you will 
have the tools which will enable you to 
compete with men from other institutions ; 
and if you are fortunate, you may gain 
wealth and success. But what is an ade- 
quate education? 

An adequate education depends upon 
three things: the understanding of funda- 
mental concepts; the desire to seek the 
truth; and the ability to ask questions. 

It is essential that you know the funda- 
mental concepts which pertain to the 
hasie subjects that interest you, and per- 
haps a few fundamentals pertaining to 
unrelated subjects. A good teacher will 
present the fundamental concepts. But 
there are relatively few good teachers. 
It may be that you are forced to dig the 
fundamentals out for yourself. Perhaps 
you will be inspired in such a way that 
digging becomes a challenge. The under- 
standing of a few fundamentals is much 
more valuable than a large amount of 
unclassified knowledge. 

One of the important aims of a college 
education is to teach you to seek the 
truth, You are taught not to accept 
written matter blindly, but rather to un- 
derstand what you read so that you may 

* Written at the request of a group of 
students. 


determine what is true. It is often diffi- 
cult to be truthful with yourself. If 
you do not know the answer to a question, 
you are shown that there is merit in 
working out the solution for yourself. 
You gain nothing by relying on someone 
else’s ability. Of course, it is easier to 
coast downstream (let someone else do 
your thinking for you) than to pull up 
against the eurrent (think for yourself). 
In one case you cover a lot of ground, 
but gain nothing; in the other case, you 
cover less ground, but profit immeasur- 
ably. 

And closely related to seeking the truth 
is the ability to ask questions. It is not 
difficult to find someone to answer ques- 
tions. There are many who prefer to use 
their instructor as a slot machine: put in 
the question, turn the crank, and obtain 
the answer. But this method does not 
help them one bit. The important thing 
is to ask questions of yourself which will 
lead you to the solution. What is the 
fundamental upon which this is based? 
Is this or that true? Why? Is there 
another way of doing this? How?... 
ad infinitum. By asking questions and 
thinking things out for yourself, you 
will obtain a better understanding of any 
problem. 

A eollege education, then, is nothing 
more than an opportunity where each 
individual is entirely responsible for his 
own attainments. The possibilities for 
learning are unlimited. The synthesis de- 
pends upon the understanding of funda- 
mental concepts, the desire to seek the 
truth, and the ability to ask questions. 


Acknowledgments. The ideas expressed 
herein have been influenced by the writing 
of George Fillmore Swain and the teach- 
ing of Hardy Cross. 
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International Conference on Engineering 
Education — London, January 12-17 


The sessions of the International Com- 
mittee on Engineering Education of the 
United States and Europe Council of En- 
gineering Societies more commonly called 
EUSEC were the first on engineering edu- 
cation held in Europe. The hosts were the 
Institutions of Civil, Mechanical and Elec- 
trical Engineering of Great Britain. 

While in North America the Colleges of 
Engineering have been organized for sixty 
years and are currently arranging their 
sixty-first Annual Meeting, no such unify- 
ing force has been at work in Western 
Europe and Great Britain. 

EUSEC has had one previous confer- 
ence devoted to Management, this in the 
Netherlands in 1951. The organization 
committee on Engineering Education was 
requested to present a review of existing 
patterns of engineering education and 
practice in each of the cooperating na- 
tions, then bring in recommendations or 
future cooperation between the EUSEC 
members in matters of engineering educa- 
tion and practice. 

North America representation was made 
up of Col. L. F. Grant of Canada, Chair- 
man of the Engineers’ Council for Pro- 
fessional Development, Dean Thorndike 
Saville, Chairman of the E.C.P.D. Com- 
mittee on Engineering College Accredita- 
tion, and Dean W. R. Woolrich, President 
of the American Society for Engineering 
Education. Three practicing engineers 
and engineering educators likewise repre- 
sented the nations of Norway, Sweden, 
Denmark, Belgium, Netherlands, France, 
Switzerland, Italy and Great Britain. 

The six days of sessions from January 
12 to January 17 beginning daily at 10 
A.M. and continuing usually to 10 P.M. 
ironed out many misunderstandings as to 
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the status and education of engineers in 
the countries represented and there de- 
veloped a greatly increased appreciation 
of each others problems as the meetings 
progressed. By the end of the sessions 
delegates were calling each other by their 
first names as if they had known each 
other from childhood. 

The agenda for these days was divided 
into the following headings: 


(a) The classes of educational estab- 
lishments with courses leading to 
professional engineering qualifica- 
tions, stating the number of estab- 
lishments in each class. 

The number of students success- 
fully completing the final examina- 
tions at the end of the courses in 
each of the classes in (a). 
The general educational require- 
ments before a student may be ad- 
mitted to a course of academic 
study in the classes in (a). 
Scope and broad extent of study in 
the following subjects in each of 
the classes in (a): 

Basie Science 

Applied Science 

Technological Applications 
Method of examination and the na- 
ture of the award granted on the 
conclusion of the studies in each of 
the classes given in (a). 
Seope of nature of practical train- 
ing and subsequent experience re- 
quired for professional qualifica- 
tion. 


Several weeks of preparation for each 
nation’s team was given over to the prep- 
aration of papers on the history and pro- 
cedures of engineering education and ree- 
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ognition. Preprints of these reports were 
available to each of the delegates prior to 
the convening of the conference. 

Considerable time was devoted to defini- 
tions of educational and engineering terms 
which have widely different meanings in 
the countries represented. For example a 
“College of Technology” suggests an in- 
stitution that offers a Bachelor of Science 
degree in North America but in Great 
Britain it more commonly indicates an in- 
stitution giving a wide range of day and 
evening courses in cooperation with indus- 
try mostly on the trade school level, while 
in Belgium it would have a still lower level 
of academic rating. It is quite evident 
that the development of a standard inter- 
national terminology for engineering edu- 
cation is a desirable goal to pursue. 

With the annual influx of some three 
thousand graduate students coming into 
the United States for advanced work and 
when we recognize that a large number of 
these intend to take graduate level courses 
in engineering, then we can more fully 
appreciate that the Universities and Col- 
leges of Engineering of the United States 
have a very great interest in the minimum 
standards, the quality and the philosophy 
of engineering education beyond the At- 
lantie. 

We have much to give Great Britain 
and Western Europe from our sixty years 
of experience in engineering education 
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study and analysis, but in turn we have 
much to learn from their many patterns 
of engineering education which have been 
especially designed to meet highly indus- 
trialized regions. 

Those of us who spent the five or six 
days in continuous conference together at 
these preliminary sessions were convinced 
that similar biennial sessions would be of 
great value in raising the quality and ef- 
fectiveness in engineering education in all 
of the eleven countries represented. 

In both war and peace the professional 
engineer must carry on major responsibil- 
ity for the industrial economics, the sci- 
entific advancement and the management 
accomplishment of each of the nations 
represented. The success of any Atlantic 
confederation must necessarily rely very 
largely on the cooperation of its scientific 
and engineering personnel. 

The sessions concluded by recommend- 
ing to EUSEC that biennially similar ses- 
sions be convened and that the next con- 
ference be held in one of the European 
countries September 27 to October 2, 1954 
with interim working committees desig- 
nated to preparing reports on those edu- 
cational problems that are of special in- 
ternational interest and concern to pro- 
fessional engineers. The Proceedings of 
the Organization Conferences will be 
available within a few weeks from Great 
Britain. 








1953 ASEE-GE Teaching Methods Seminar 


For the second consecutive year the 
General Electric Company is joining with 
the American Society for Engineering 
Education in sponsorship of a seminar on 
“Teaching Methods in the Advanced En- 
gineering Program.” The 1953 seminar 
will be held in Schenectady, New York, 
from June 15-20. 

The operation of the seminar will be 
somewhat similar to last year’s as recom- 
mended by Messrs. B. R. Teare, Jr. and 
K. B. MeEachron, Jr. in the Journal of 
Engineering Education, January 1953. 
The present plans will include the appli- 
cation of some of the newer techniques, 
such as the use of a creative approach to 
the solution of a professional type engi- 
neering problem. Below is a rough sketch 
of the operation of this year’s seminar. 

Again, each portion of the seminar will 
have two phases. The first is the demon- 
stration of a teaching technique as used 
in the Advanced Engineering Program, 
and the second is the application of the 
technique to college teaching. 

One of the major pillars of teaching 
philosophy in the Advanced Engineering 
Program is “learning by doing.” The 
seminar therefore will teach the problem- 
solving method of learning, by using the 
method itself. Actual problems will be 
worked by the seminar members and as 
much as possible of the atmosphere be- 
tween the instructor and the student as 
used in the Advanced Engineering Pro- 
gram will be maintained. Most all A.E.P. 
lectures have evolved toward discussion 
periods with active participation by all 
present. 

The problems which will be assigned 
will be typical of problems encountered in 
the Program, but somewhat shortened to 
use more efficiently the time available. 
Most Program problems are of an analyt- 
ical nature and are designed to emphasize 
the firm foundation of understanding of 


a principle involved. Each of proposed 
problems for the seminar will require 
some time for solution, with the beneficia| 
accompanying evaluation and discussion. 
Combined with the actual solution, the dis- 
cussion soon after submission of the re- 
sults firmly implants the material covered. 
The seminar will include evening sessions 
as well as morning and afternoon. 

Perhaps the largest benefit that the 
seminar members will receive will be 
through the free interplay of thoughts and 
ideas that flow between the participants. 
All members of the seminar will be housed 
in a single fraternity house on the campus 
of Union College in Schenectady. Thus 
housing and dining will be arranged to 
stimulate and maximize discussion. 

Certainly not all of the Advanced En- 
gineering Program is profitably spent in 
concentrated problem solution. Satura- 
tion of learning seems to occur if extra- 
curricular breaks are not included. The 
seminar members will likewise include 
breaks for an “entrance exam,” a smoker, 
and a “graduation banquet.” A tour of 
sections of the Schenectady Works and 
Knolls Research Laboratory in addition to 
conferences with engineers prominent in 
a given field will probably be arranged. 

Staff members representing most ac- 
credited colleges (Electrical or Mechanical 
curricula) have been contacted and asked 
to submit candidates for seminar member- 
ship. On the basis of providing a geo- 
graphical and curriculum-wise distribu- 
tion of members, 25 individual candidates 
will be invited to attend. 

All expenses including transportation 
for the members will be borne by the Gen- 
eral Electric Company. 

Any further information concerning the 
1953 ASEE-GE Seminar on Teaching 
Methods may be obtained from the Ad- 
vanced Engineering Program, General 
Electric Company, Schenectady 5, New 
York. 
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Discussion on “A Philosophy of Graphics” 


By JOHN SCOTT CAMPBELL 


Instructor in Electrical and Mechanical Engineering, California Institute of Technology 


John Rule’s recent paper on “A Philos- 
ophy of Graphics” should serve as a stim- 
ulus for all of us who teach this old and 
honorable subject. It should make us ask 
ourselves the question: Just what is 
graphies, and what can it do for the stu- 
dent in seience and engineering toward the 
furtherance of his career? 

There are many ways of looking at 
graphies. Like the blind man making a 
Braille examination of the elephant, it 
depends very much upon our viewpoint. 
From the standpoint of the engineering 
draftsman, it is a language by means of 
which the engineer communicates his de- 
sign ideas to other engineers and to the 
man in the shop. A little better version 
of this viewpoint makes graphics the 
means for design itself, whereby the lay- 
out man clarifies his own original ideas by 
getting them down on paper. Those of us 
who advoeate a touch of freehand drawing 
see graphics as a way to sharpen up the 
student’s powers of observation, and to 
improve his ability to visualize in three 
dimensions. Descriptive geometry looms 
large in any graphies course both as a 
practical method of solution to knotty 
geometrical problems, and for its value 
in improving abstract visualization. Less 
emphasized now is the solution of prob- 
lems by graphical construction: all the old 
straightedge and compass constructions 
that produce such pretty designs, but 
which also at times are very useful. And 
still oceupying an uncertain position in 
graphies is the whole field of representa- 
tion of data by graphs, ternary diagrams 
and the like, and the field of graphical 
ealeulation by function scales and nomo- 
graphie charts. 

Now this may seem like a large and 
helter-skelter collection of topics relating 


to graphics. What is needed, perhaps, is 
a unifying viewpoint to tie it all down and 
put the loose parts in their proper places. 
Professor Rule’s discussion goes far to- 
ward supplying such a viewpoint. ! 
would like to venture forth with another 
thought, for what it may be worth. 

The activities of both scientists and 
engineers may be classified broadly into 
three phases: The collection of data; its 
analysis and reduction to usable form; 
and its application in the solution of prov- 
lems. These divisions are not sharp, but 
rather lie upon a continuous scale. The 
thinking of an individual scientist or en- 
gineer ranges back and forth along this 
scale constantly, and, indeed, one mark of 
a good scientist or engineer may be the 
ability to be equally at home on all parts 
of the seale. In general, however, we may 
say that the scientists live mostly near the 
“data collection end” whereas the engi- 
neers are generally congregated at “ap- 
plications.” 

Both must spend time in the middle, 
however, where the important job of re- 
duction and interpretation is performed. 
Now let us inquire for a moment just what 
happens in this central region of our seale. 
A great deal of data reduction and prob- 
lem solving is done by straight intuitive 
reasoning. But long ago it was found 
that the intuitive ability of the human 
mind has its limits, and so a system of 
symbols was devised for recording quan- 
titative data, and rules developed to ma- 
nipulate and transform data without the 
introduction of distortion, in order to pre- 
sent it in a more appealing and under- 
standable way to the mind. From the 
viewpoint here being developed, this is 
mathematics. At the same time the scien- 


tists discovered that the most convenient 
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ways of measuring things did not always 
yield results which were easy to visualize 
and hold in mental contemplation. And 
so new concepts were invented, like en- 
ergy, inductance and entropy which are 
not obviously present in nature to be 
sensed, but which seem to appeal to the 
mind in the sorting and comparing which 
makes up problem solving. 


Appeal to our Senses 


It is about here that graphics comes 
finally into this discussion. For the proc- 
ess of clarifying understanding logically 
starts with an appeal to our senses, of 
which the visual is most important. So 
I submit that graphics is, first a way of 
converting ideas into visual form so that 
they may be taken into the brain by the 
great main channel of communication with 
the outside world, the eye. To do this we 
employ pictorial devices to represent 
physical quantities: bar graphs, curves, 
positions on function scales and in the 
areas of charts, tone gradation, colors, the 
concept of contours of equal value and 
three dimensional models. 


ANALYSIS 
Fia. 


oe 


APPLICATION 


1. 


I believe that we have hardly seratched 
the surface of graphics, viewed in this way. 
For this is more than a means to an end: 
it goes into the most intimate processes of 
thought and determines the very shape 
and texture of the idea which we examine, 
rework and finally turn out as a solution. 
How often is our trouble caused by “not 
quite seeing it the right way”’—and how 
often has the solution been unexpectedly 
smoothed by “A new viewpoint”? These 
old expressions are founded upon experi- 
ence in a field which is essentially graphi- 
cal—a field as old as man, and at the same 
time one offering exciting opportunities 
for new developments. 

Professor Rule’s remarks have opened 
the door to a whole new vista in graphics. 
A part of this view, I believe, is suggested 
by the foregoing brief discussion. There 
are many other aspects in this useful and 
interesting subject. I look forward to the 
further development of Professor Rule’s 
philosophy of Graphics in the pages of 
ENGINEERING EpucaTIoN and other publi- 
cations. 








= = = 


Section 
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National Capital Area Howard University 


New England 


North Midwest 
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Pacifie Northwest 
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Rocky Mountain 
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Southwestern 


Upper New York 


Section Meetings 


Location of Meeting Dates 
West Virginia April 17-18, 
University 1953 
Rose Polytechnic May, 16, 1953 
Institute 


Kansas State College 


Detroit Institute of 
Technology 


May 9, 1953 


University of Delaware May 2, 1953 


Washington University April 11, 1953 


May 9, 1953 


University of Vermont Oct. 10, 1953 


Marquette University Oct. 9-10, 1953 


University of May 2, 1953 
Cincinnati 

Washington State April 24-25, 
College 1953 


San Jose State College Dec. 29-30, 
1953 
University of April 11, 1953 
Colorado 
North Carolina State 
College 
University of April 3 & 4, 


New Mexico 1953 


Rochester Institute of October, 1953 
Technology 


Chairman of Section 


C. H. Cather, 

West Virginia Univer- 
sity 

H. A. Moench, 

Rose Polytechnic 
Institute 

M. H. Barnard, 

University of Nebraska 

C. C. Winn, 

Detroit Institute of 
Technology 

C. Bonilla, 

Columbia University 

G. F. Branigan, 

University of 
Arkansas 

L. K. Downing, 

Howard University 

E. T. Donovan, 

University of New 
Hampshire 

A. B. Drought, 

Marquette University 

H. K. Justice, 

University of 
Cincinnati 

J. P. Spielman, 

Washington State 
College 

C. M. Duke, 

University of Califor- 
nia at Los Angeles 

C. A. Hutchinson, 

University of 
Colorado 

D. V. Terrell, 

University of 
Kentucky 

M. L. Ray, 

University of Houston 

F. E. Almstead, 

State University of 
New Yerk 





Members of the Society are welcome at all Section Meetings 


* No Date Set. 
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TEACHING POSITIONS AVAILABLE 


The following rules were adopted by the General Council of the ASEE: 

1. The privilege of advertising for teaching positions is extended only to colleges 
and technical institutes which are either Active or Affiliate Institutional Members of 
the ASEE. 

2. Advertisements must be for positions available only. No advertisements will be 
accepted for an individual seeking a job. 

3. Advertisements should not specify salaries. 

4. Advertisements must be submitted not later than the first day of the gnonth pre. 
ceding the month of issue. 

5. Because of limited staff, the ASEE headquarters cannot maintain personne! files 
or supply detailed information about jobs. In replying to blind ads, address letters to 
American Society for Engineering Education, Northwestern University, Evanston, Illi- 
nois and give blind ad number. 

6. Information and rates for advertising in the Journal can be received by writing 
ASEE Headquarters. 

7. In order to conserve space and achieve uniformity, the privilege is reserved to 
rearrange advertisements. 





cipal Engineering. Education: Minimum, 
M.S. or equiv. Engineering degree. Ex 


BROWN UNIVERSITY HAS OPEN- 
ings for Instructors and Research Assist- 








| ants in the Fields of Electronics, Electrical 


| Machinery, Experimental Stress Analysis, | 


Mechanies of Solids, Mechanics of Fluids, 
Thermodynamics, Transonie and 
sonie Wind Tunnel Experimentation. 
Positions involve 4 time work and % time 
study or % time work and 1% time study 
leading toward M.S. or Ph.D. degree. 
Salaries for June graduates are adequate 
and account is taken of experience and 
special qualifications. Write to: D. C. 
Drucker, Chairman, Division of Engineer- 
ing, Brown University, Providence 12, R. I. 





UNIVERSITY OF CALIFORNIA, 
Berkeley. September, 1953. Appoint- 
ments require teaching of basic courses to 
the field of specialization as well as ad- 
vanced courses in the field. Research and 
development activities are expected of all 
staff members. Civil Engineering: Profes- 
sor in Structural Engineering. Experi- 
ence: Outstanding engineering practice, 
research and teaching, to qualify for di- 
recting and developing research in struc- 
tural engineering and materials in addition 
to teaching graduate work. Associate Pro- 
fessors: 1 Engineering Materials, 1 Muni- 


Super- | 





perience: Minimum 10 years, should have 

considerable engineering practice or re- 

search and development experience in 

specialized field. Assistant Professors: 

1 Soil Mechanics, 1 Structural, 1 Construc- 

tion. Education: Minimum M.S. and two 

years research and development experience 

of Ph.D. Experience: Minimum 2 years 

including 1 year professional practice. 

Mechanical Engineering: Associate Pro- 

fessors: two, 1 in Heat Power Engineering 

and 1 in Metal Processing (resistance 

welding). Education: Minimum M.S. or 

equiv. Engineering degree and 2 years of 

research and development engineering ex 

perience in industry. Experience: Should 

have 2 to 3 years industrial experience and 

some teaching in engineering subjects at 

college level. Instructor: two, 1 Heat 

Power Engineering and 1 Hydraulic Strue- 

tures. Education: Minimum Ph.D. degree 

or M.S. degree and 2 years of equiv, re- 

search and development engineering ex- 

perience in industry. Experience: Mini- | 
mum none, desirable 1 year part-time 

teaching experience in engineering labora- | 
tory courses. Apply to Dean of Engineer: | 
ing. 
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TEACHING POSITIONS AVAILABLE 4gl 





[INSTRUCTOR OR ASSISTANT PRO- 
fessor of Civil Engineering with advanced 
degree, to teach Mechanics. Rank and 
salary dependent upon training and experi- 
ence. Location, northern New York. 
Ap-l. 


ASSISTANT PROFESSOR OF CIVIL 
Engineering. Major activity will be in the 
area of Surveying and Mapping for which 
a background of experience is desirable; 
salary open. Ap-2. 


POSITION IN MECHANICAL ENGI- 
neering, Location, New Orealns. Field of 
Machine Design, Kinematics, Mechanisms. 
A. M. Hill, Tulane University. 


UNIVERSITY OF NOTRE DAME RE- 
quires teacher of Electrical Engineering, 
| effective September, 1953; young man with 
| doctorate and interest in servo-mechanism 
| field preferred. Rank and Salary depend- 
| ent on training and experience. Ap-3. 


CIVIL INSTRUCTOR (9 mo.): MAS- 
ter’s Degree with some practical experi- 
ence. Must be able to handle classes in 
Surveying, Fluid and Soil Mechanics, and 
Highways. Small university—Ohio. Eco- 
nomical living conditions. Ap-4. 




















ASSISTANT OR ASSOCIATE PROFES-— 
sor Mechanical Engineering: Duties, to 
instruct undergraduate students and de- 
velop post-graduate work. Time and facil- 
ities for research. Qualifications: Univer- 
tity graduate, preferably some post-gradu- 
ate training. Several years practical ex- 
perience which may include industrial 
graduate engineer training course. Clas- 
sification of appointee will depend upon 
qualifications of successful applicant— 
apply Nova Scotia Technical College, P. O. 
Box 1000, Halifax, Canada. 





INSTRUCTOR IN MECHANICAL EN- 
gineering to teach Thermodynamics and 
Analytical Mechanics Courses. Opportu- 
nity for graduate study. Apply to Prof. 
Alexander W. Luce, Pratt Institute, Brrok- 
lyn 5, N. Y. 








ASSOCIATE PROFESSOR OF ME- 
chanical Engineering to be responsible for 
Thermodynamics and Heat Power instruc- 
tion including the laboratory. Opportu- 
nities for reseach or consulting work with 
local industry. Apply to Prof. Alexander 
W. Luce, Pratt Institute, Brooklyn 5, 
Nox, 














New Members 


ADAMS, CLEVELAND L., Head, School of Tex- 
tile Technology, Alabama Polytechnic In- 
stitute, Auburn, Ala. W.C. Knight, A. S. 
Chase. 

ADAMS, MAURICE D., Assistant Professor of 
Physics, Purdue University, Lafayette, 
Ind. A. P. MeDonald, G. Flake. 

AXTELL, JOHN D., JR., Associate Research 
Engineer, University of California, Berk- 
eley, Calif. A. M. Saunders, E. D. Howe. 

BALDWIN, LEonaRD B., JR., Assistant Pro- 
fessor of Civil Engineering, University of 
Idaho, Moscow, Idaho. J. T. Norgord, 
H. W. Silha. 

BARTLETT, Paut E., Coordinator of Engi- 
neering Classes, University of Colorado, 
Denver Extension, Denver, Colo. K. H. 
Stahl, C. A. Hutchinson. 

BAUER, WALTER H., Professor of Chemistry, 
Rensselaer Polytechnic Institute, Troy, 
N. Y. A. B. Bronwell, W. R. Woolrich. 

BEHLKE, CHARLES E., Assistant Professor of 
Civil Engineering, University of Alaska, 
College, Alaska. E. H. Beistline, E. F. 
Rice. 

BROWN, CHESTER R., Assistant Professor of 
Industrial Arts, University of New Mex- 
ico, Albuquerque, N. M. C, T. Grace, R. 
J. Foss. 

Buer, Howarp H., Assistant Professor in 
Civil Engineering, University of Delaware, 
Newark, Del. D. A. Arm, H. S. Bueche. 

CARNEY, CHARLES J., Jr., Managing Direc- 
tor, Society of Industrial Packaging and 
Materials Handling Engineers, Chicago, 
Til. N. A. Parker, L. A. Rose. 

CASHEN, WILLIAM R., Professor of Mathe- 
matics, University of Alaska, College, 
Alaska. E. H. Beistline, E. F. Rice. 

CoMER, JOHN W., Associate Professor of 
Civil Engineering, Oklahoma A. & M. Col- 
lege, Stillwater, Okla. D. M. MacAlpine, 
B. M. Aldrich. 

CuMMINGS, Mary H., Assistant Professor of 
Mathematics, University of Rhode Island, 
Kingston, R. I. E. M. Pease, J. R. K. 
Stauffer. 

Dawson, EpwarbD, Professor of Engineering 
Research, Pennsylvania State College, 
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State College, Pa. E. 
Stavely. 

D’Azzo, JOHN J., Associate Professor of 
Electrical Engineering, USAF Institute 
of Technology, Dayton, Ohio. (©. H. 
Houpis, W. J. Price. 

DELUISE, FRANK J., Research Assistant-Ex 
periment Station, University of Rhode 
Island, Kingston, R. I. H. Campbell, D. 
Bradbury. 

DEMaksE, JENE E., Instructor in Engineer 
ing Graphics, University of Maine, Orono, 
Me. M. McCleary, A. S. Campbell. 

DEONIK, WALTER A., Instructor in Engineer 
ing Drawing, Case Institute of Technol- 
ogy, Cleveland, Ohio. O. M. Stone, A. M. 
Belavie. 

DosBins, Ceci, L., Business Coordinator, 
Fenn College, Cleveland, Ohio. M. B. 
Robinson, D. C. Fabel. 

ENSLOW, RIDLEY M., JR., Assistant Manager, 
Tech. Book Dept., The Maemillan Co., 
New York 11, N. Y. C. L. Skelley, A. B. 
Bronwell. 

FISHER, C. Jor, Head, Refrigeration Dept., 
Oklahoma A. & M. College, Stillwater, 
Okla. H. P. Adams, H. Lineback. 

HASSLACHER, GEORGE J., III, Instructor in 
Engineering Mechanics, Pennsylvania 
State College, State College, Pa. J. W. 
Breneman, R. K. Vierck. 

HERBEIN, Haroup J., Assistant Professor of 
Engineering, Pennsylvania State College, 
State College, Pa. T. S. Rung, V. E. 
Neilly. 

Hitt, W. Scorr, Manager, Technical Re- 
cruiting, General Electric Co., Schenectady, 
N. Y. M. M. Boring, D. S. Roberts. 

Hoiroyp, Howarp B., Associate Professor 
of Mechanical Engineering, Iowa State 
College, Ames, Iowa. H. M. Black, H. J. 
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' that the 


Do You Know— 


p The following are some residual items 
of Society activities not reported in the 
March or April issues of Journal. 

p The Annual Meeting is just around 
the corner—June 22-26. By this time, 
you should have received the Preliminary 
Program and the reservation cards. Here 
are a few items of special interest regard- 
ing the Annual Meeting program . . . The 
Tuesday morning General Session Pro- 
gram will deal with the general theme of 


| Engineering Education and Profession, 


with our own President Woolrich speak- 
ing on the subject of “Engineering Educa- 
tion and the Engineering Profession” and 
Karl McEachron, Sr., Consultant on Pro- 


' fessional Employee Relations of the Gen- 


eral Electrie Company, speaking on “Un- 
ionism and the Engineering Profession.” 
This subject has suddenly sprung into full- 


» scale importance for the engineering pro- 


fession as a result of expanded activities 
. . Perhaps you have noticed 
General Entertainment for 
Wednesday evening will be the current 


| Broadway hit “Bell, Book and Candle,” 
_ staged by the Florida Players. 


Also, 
President and Mrs. Miller are inviting the 


| Membership to a reception at their home 


on Tuesday evening ... For other fea- 
tures, please refer to the Preliminary Pro- 


/ gram. An attractive ladies program has 


been arranged by the Florida Local Com- 
inittee, 

> We have received several inquiries 
regarding the procedure for nomination of 
officers of the Society, so here is a quick 
resume ... A nomination form was pub- 
lished in the February and March issues 
of the Journal. Nominations are to be 
sent to the ASEE Headquarters, where 
the information is compiled and for- 
warded to the Nominating Committee. 
The Nominating Committee consists of 
the members of the General Council who 
retire from the Council in June, together 


with the three immediate past presidents. 
The Senior Past President (this year 
Dean Thorndike Saville) serves as Chair- 
man. The Nominating Committee mem- 
bers add their nominations, after which 
a tentative (non-committal) ballot is taken 
by mail. The final selection is made by 
the Nominating Committee assembled at 
the Annual Meeting. The nominations 
can also be presented on the floor of the 
General Session at the time of the elec- 
tion. If you wish to make nominations, 
please send them to the Headquarters Of- 
fice either on the nomination form printed 
in the Journal or by letter. 

B& The Committee on Graduate Study 
has completed revision of the Manual of 
Graduate Study which is summarized in 
this issue of the Journal. This was a two- 
year project undertaken by a committee of 
9 members, all of whom are actively di- 
recting Graduate Studies in engineering 
colleges. Our publication budget did not 
permit publishing the entire Manual in the 
Journal, but copies of the complete Man- 
ual can be obtained from the Secretary’s 
Office at 50¢ each. Please include remit- 
tance with your order. 

B® The Paper Contest for Young Engi- 
neering Teachers has met with enthusiastic 
response from our younger members. 
Most Sections of the Society report at 
least three to five entries. Regional judg- 
ing is now under way to select the semi- 
finals. Awards for the two prize-winning 
papers will be presented to the recipients 
at the Annual Banquet. 

B® At the suggestion of the Division of 
Relations With Industry, several Sections 
of the ASEE have expanded their activi- 
ties and programs in order to bring into 
active participation a number of leading 
engineers and industrialists from local in- 
dustry. The Sections which have under- 
taken this type of program have found it 
highly profitable, both from the stand- 
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point of obtaining stimulating material 
and also that of establishing friendly 
working relationships between industry 
and the colleges. George Lobingier, Chair- 
man of the ASEE Relations With Industry 
Division, states that this Division will be 
glad to cooperate with any Section which 
wishes to develop similar activities or ar- 
range for a sub-division of the RWI Divi- 
sion. 

®& A barrage of letters informs us with 
a slight tinge of chagrin, that we over- 
looked in our listing of publications of the 
Society in the March issue of the Journal, 
the highly commendable Bulletin of the 
Engineering Mechanics Division. This 
Bulletin is doing a superb job in bringing 
the latest advances in the teaching of engi- 
neering mechanics to the teaching profes- 
sion. Congratulations on a good job! 


B® A few copies of the report of the 
Committee on the Improvement of Engi- 
neering Teaching are still available and 
can be purchased from Headquarters Of- 
fice at a price of 15¢ per copy or $8.00 


per hundred. Over ten thousand copies 
of this report have been sold, indicating 
its widespread popularity. Please enclose 
a check with your order. 

B® An excellent compilation of papers 
on the Fifth College-Industry Conference 
sponsored by the Relations With Industry 
Division is now available in mimeographed 
form from the Headquarters Office. This 
includes 11 papers dealing with recogni- 
tion and encouragement of gifted students, 
recruiting potential talent for the engi- 
neering profession, what must the individ- 
ual do toward continued learning, appre- 
ciation of the humanities by the individual, 
motivations in industry, and other inter- 
esting subjects. The price is 50¢ per 
copy. Please enclose a check with your 
order. 

B® Again may we eall your attention to 
the fact that the Fall Meetings of the 
ECRC and ECAC, will be held in con- 
junction with the Annual Meeting of the 
ECPD at the Statler Hotel in New York 
on October 15-17. The program details 
for this meeting have not been fully de- 


DO YOU KNOW—- 


veloped, but the conferences wil] he oper 

to all members of the Society. 

B® The Executive Board suggested tha 

the Committees and Division of the ASE 
take advantage of this Fall Meeting t, 
hold Committee meetings for the purpose 
of formulating the program for the year 
ahead. A number of meeting rooms wil) 
be reserved at the Statler on October 13 

B® The Committee on Evaluation of Ep. 
gineering Education will hold a two-day 
meeting preceding the Annual Meeting of 
the Society in Florida. The work of this 
Committee for the past year has been 
financed by a grant of $3,000 from the En. 
gineering Societies Foundation. Also, the 
ECPD Societies have offered to contribute 
funds to help finance the project. This 
financial assistance has been extremely 
helpful in making it possible for the Com. 
mittee members to meet and carry on the 
work of the Committee. 

B® The new membership drive, which 
was aimed primarily at younger faculty 
members, has yielded over 700 new men- 
bers. The Membership Committee de. 
serves a hearty vote of thanks for their 
excellent cooperation. 

®& A number of Divisions of the Society 
are cooperating with the American Stand- 
ards Assn. in preparing standards. The 
Drawing Division is particularly active 
currently in the preparation of interna- 
tional drafting standards. 

®& A study is currently under way in 
the English and Humanistie-Social Divi- 
sions of the Society to determine the 
course offerings in these fields in engineer- 
ing colleges throughout the country. A 
report on this will be presented at the 
joint dinner of the two Divisions in 
Florida. 

B® Professor Sampson of the Univ. of 
Fla. called attention to the dinner meeting 
of the Young Engineering Teachers’ Cow- 
mittee which features Rear Admiral Wm. 
S. Parsons, USN, on the subject “Prob- 
lems of Weapon Design and _ Develop- 
ment.” Incidentally, Adm. Parsons, flying 
over Hiroshima, attached the fuse to the 
first atomic bomb in history to be delivered 
against a military target. 





“Let’s Clean House” 


By JOHN R. SNELL * 
Head Dept. of Civil Engineering, Michigan State College 


House cleaning time is at hand. It is 
long overdue. In fact, the point has been 
reached when each man must decide for 
himself whether he will be part of the 
house cleaning crew or part of the dirt. 
This is the conviction which has been 
burning deeper in me each week in the 
year since I closed my consulting engineer- 
ing office in Metropolitan Boston and ac- 
cepted my present position at Michigan 
State College. 

This conviction was born out of my 19 
years’ experience with the engineering, 
architectural and construction fields and it 
is principally to the men in these profes- 
sions that an appeal is made. To make 
the story real, I have selected a few true 
examples purposely withholding names 
places, ete., as my intention is not to burn 
down a few houses but to ignite a larger 
fire, and to inspire men to a general house 
cleaning program. I bear malice toward 
no group or no individual but am tre- 
mendously concerned with the infiltration 
of moral laxity in the construction pro- 
fession. If some of my statements or ex- 
amples seem to be unjust or undeserving 
or a bit shocking or shaking, remember 
that such action might well be appropri- 
ate. Were you asleep in a burning build- 
ing you would weleome such a shaking! 


The Problem 


Not long ago, Mr. D——, a structural 
engineer, and I visited a nearby state com- 
missioner of public works. We had eyed 
the state’s hundred million dollar highway 
program with a view toward designing a 
few bridges and overpasses. 

The commissioner gave us a warm wel- 


*Tn collaboration with Walter A. Snell. 


come. “A great deal of work will shortly 
be given to consultants,’ he said. We 
gave him a prospectus containing our ex- 
perience and qualifications. He was un- 
questionably impressed by this prospectus 
and concluded the interview with warm 
assurance that we would be “kept in 
mind.” 

We followed up this interview with 
several subsequent calls, in all of whieh 
the commissioner was most friendly. At 
length we approached a state representa- 
tive, Mr. S , to see what he could do 
in our behalf. Although Representative 
S represented the party which was 
not in power at the time, we were assured 
that this made little difference and that he 
would be happy to see what he could do. 

A few days later the telephone rang. 
The voice on the other end of the line 
was wary. Mr. O , this is Mr. A ; 
I’m chairman of the B—— State X 
Commission and just had a nice visit with 
Representative S I believe we have 
some good news for you. We shall be 
glad to award you the job of designing 
one or two of the proposed bridges. You 
understand, of course, that it is customary 
to make a small contribution to the politi- 
cal campaign fund of the party—to be 
exact, 10% of the fee is usual.” 

My associate and I promptly turned 
down this proposal. Mr. A—— was non- 
plussed at our refusal; he was obviously 
accustomed to having such offers accepted 
without question. 

A few weeks later, we learned that the 
job of designing twenty of these bridges 
and overpasses had been awarded to a firm 
owned in part by a close relative of a 
politician in high office. 
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This is graft, unquestionable and un- 
diluted. Last year, by similar means with 
variations, an estimated two and a half 
billion dollars in public funds were stolen! 
Even in these days of massive federal 
budgets, two and one-half billion dollars 
is a lot of money—about $15 on the aver- 
age tax rate, three times the amount spent 
yearly on education, enough to clothe com- 
fortably every person in the United States, 
enough to buy each family in the United 
States a 21-inch deluxe television set every 
three years. 

Those who aren’t in a position to know 
facts illustrated in this true story might 
well ask a few questions! How can cor- 
rupt politicians steal two and one-half 
billion dollars right out from under the 
publie’s nose? Why is the public largely 
ignorant of this vast graft? How can 
America, as leader of the world, criticize 
the graft and corruption of other govern- 
ments and yet tolerate that at home which 
staggers the imagination? Why does not 
“somebody do something about it”? What 
can we do about it? 

No echelon of our government is free 
from guilt. Municipal, state, and even 
federal politicians are guilty. Their sys- 
tem of obtaining this graft has been care- 
fully worked out; the arrangements are 
strictly private and consist principally of 
“kick-backs and contributions” from engi- 
neers, architects, contractors and materials 
manufacturers engaged in the construction 
of public works. The system is so deeply 
entrenched that only rarely is the public 
aware of its existence and only then when 
some politician, fallen from grace, is made 
the scapegoat by his own political party 
and, rarer yet, when one is indicted and 
convicted by some “reform” district at- 
torney. In most cases the system operates 
smoothly, to the extent that men are willing 
to pay as much as $10,000 for a political 
job which pays no salary. Even 90% of 
the men in the construction industry them- 
selves are ignorant of exactly what goes 
on and how they are being taken advan- 
tage of by a compromising few. 

The principals in the construction in- 
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dustry are well aware of the strangle-holj 
these ruthless politicians have on ther 
Yet collectively they have done little about 
it. The majority of these men operat, 
their businesses on the principle “one must 
eat” rather than on the moral standards 
of good business. If they should oppose 
the system individually, they would com. 
mit professional suicide. And yet collec. 
tively they have failed to put a stop to 
these corrupt practices because of mutual 
distrust, fear of competition and just 
plain lack of backbone. This fear of 
“sticking one’s neck out” even extends to 
engineers engaged by our institutions of 
higher learning to mould our future de- 
signers and builders! 


More Examples 

Let’s consider a few more examples. A 
few years ago, I collaborated with Mr. 
L——, an architect, in the design of a 
large municipal structure for an industrial 
city with a population of about fifty thou. 
sand. Mr. L—— had been retained under 
an honest administration; he had made 
considerable progress on his design when 
a new administration took over. A new 
“building committee” was appointed with 
the mayor as chairman ex officio. Mr. 
IL—— was approached and informed that 
he must make a contribution of $15,000 to 
be divided between the mayor, the commit- 
tee and the political campaign fund. 
Since the architect’s fee was somewhat 
under this sum, he was instructed to make 
arrangements with the contractor to ob- 
tain this money from the job. The archi- 
tect refused and agreed to finish the job 
only if no demands what ever were made 
upon him. When, after much delibera- 
tion, the mayor and the committee realized 
the difficulty of explaining to their con- 
stituents the necessity of changing an 
architect of such prominence in the midst 
of his work, they decided on a different 
strategy. They dealt directly with the 
contractor and secured far more funds 
than they had originally demanded. 

This is the typical approach of the cor- 
rupt politician. Yet, only rarely, as in 
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the case of Mr. L——,, does a member of 
the construction industry resist such an 
approach. Usually, as in the case of this 
contractor, they acquiesce most readily to 
these corrupt demands with the attitude 
that such acquiescence is customary and 
necessary to secure and hold a_ public 
works job. 

Twelve years ago, America was fever- 
ishly re-arming, and army camps and air- 
fields were being built everywhere. Engi- 
neers and architects worked overtime to 
keep up with the military demands for 
more training facilities. Upon the initia- 
tion of this program, all engineers and 
architects of consequence in an eastern 
metropolitan area were invited by a 
Washington representative to a meeting 
supposedly concerned with the technical 
details of the program. When the meet- 
ing convened, its true purpose became all 
too obvious. That purpose was to explain 
the 5% kick-back involved in these federal 
defense jobs and the channels that had 
been established to receive them. Of the 


several scores of firms attending this meet- 


ing, only two demonstrated courage 
enough to oppose this game and refuse to 
“play ball.” In our present re-armament 
program there is every evidence that the 
same kick-back procedure has been fol- 
lowed. 

Not only does inertia encourage such 
corrupt practices, but every sizeable city 
has its group of favored engineers and 
architects, generally of questionable abil- 
ity, who are so favored because of their 
willingness to “cooperate.” These men 
make little pretense of being good engi- 
neers or architects. They are interested 
only in making money and care little how 
it is made. They have successfully black- 
ened the eye of the entire construction 
profession. 

A prime example of such men is the 
well known firm of M , T——_ & B 
located in a large coastal city. Less than 
four years ago one of their key men ad- 
mitted paying twenty thousand dollars in 
bribery to a political boss of an industrial 
town in payment for being granted a job 
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designing a municipal sewage treatment 
plant. Then again, about three years ago, 
when a group of various engineers were 
invited to submit proposals to a small 
nearby town for certain improvements in 
its sewage system, most of the engineers 
offered an approximate estimate of $200,- 
000 as the cost of such improvements and 
agreed to take the job in accordance with 
standard ethical practices. Yet the firm 
of M T & B informed the 
town that, through their special abilities, 
they could build this system for only 
$150,000. With this and an appealing 
sales talk plus a substantial bribe for one 
of the committee members, the firm sue- 
cessfully obtained the design work. When 
the job was completed, the costs ran well 
over $300,000. The committee was certain 
that there was collusion between the engi- 
neering firm and the contractor, but they 
could prove nothing. 

Not only has this firm constantly ob- 
tained its jobs by bidding under the stand- 
ard published fees, but it has constantly 
collaborated with certain equipment and 
materials manufacturers and _ specified 
their products exclusively for the price of 
making their design for them, plus a sub- 
stantial eash kick-back. In one instance 
in which they specified a certain product, 
the bid came to $10,000. However, the 
client, knowing something of construction 
prices, suspected foul play and forced the 
use of a material of equal quality which 
came to only $900; this netted a saving of 
$9,100. 

This group of engineers has made their 
services so profitable to the corrupt politi- 
cal bosses of many cities that they are al- 
most constantly being forced down the 
throats of architects as collaborators on 
large jobs. 


F.B.I. Hands Are Tied 
When they hear of these facts, the first 
question people ask is, “Why doesn’t 
somebody do something about it? Why 
doesn’t the F.B.I. do something about it? 
Don’t they know about it?” 
The answer is yes: they know about it. 
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They are aware of innumerable specific in- 
stances; but since these instances are usu- 
ally local, they remain outside federal 
jurisdiction. 

Mr. F , a contractor, told me not 
long ago that he had lunch recently with 
an F.B.I. agent in a well known restau- 
rant. At the next table were two well 
dressed gentlemen. When they arose and 
departed from the room with brief cases 
in hand, the agent confided in Mr. F 
that these were two of the mayor’s “bag” 
men, that they were at that moment on 
their way to the office of Mr. B , one 
of the city’s political architects who that 
morning had just received a substantial 
check, and that they were headed to re- 
ceive the kick-back money. The agent 
hastily added that, although he personally 
had intimate knowledge of the situation 
in this city, the F.B.I. was not authorized 
to investigate such matters and bring the 
guilty to justice. 


Contractors Handle the Big Money 


The big money, however, comes from 
the contractors. While architects and en- 
gineers are consistently asked to kick-back 
a percentage of their relatively small pro- 
fessional fees, the crooked politician, by 
keeping these professional men involved 
in illicit practices, can keep them “in line” 
while he is dealing with the big money 
which must pass through the hands of 
the contractor. 

Usually the relationship between politi- 
cal boss and contractor is a friendly one; 
and the problem of extracting funds from 
the publie’s pocket is relatively easy. The 
“usual percentage” expected by the 
crooked politician is common knowledge, 
and each contractor carries this additional 
amount in his bid. Should some reeal- 
citrant contractor “break faith” with his 
corrupt client and fail to carry such an 
amount and, upon award, refuse to pay 
this predetermined percentage, he is 
severely punished. The political bosses 
may instruct the resident engineer on his 
job to make unwarranted demands on him 
and require him to rebuild portions of his 
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work which were already correctly }yijt. 
Regular payments may be delayed or with. 
held and false claims made concerning the 
“unsatisfactory” quality of his work. 
Many would-be honest contractors have 
been “crucified” by these crooked politi- 
cians. 

Frequently, contractors are encouraged 
to choose among themselves the “low 
bidder” for each specific job. This prac- 
tice of secret collusion makes it easier for 
the politician to sell the public on the idea 
of his integrity; from all appearances the 
low bidder always gets the job and no 
particular firm seems favored. Recently, 
a large midwestern contractor, Mr. D-—, 
attempted to break in on this type of col- 
lusion in a southern metropolis. Mr. 
D submitted a bid on a large public 
housing project in this community; his 
bid was one million dollars below those 
of the local contractors who were in collu- 
sion. When the bids were opened, and the 
local contractors discovered their embar- 
rassing predicament, they attempted to 
exclude Mr. D on the basis that his 
bid was much too low, that it would be 
impossible to construct this project for 
such asum. Mr. D——, however, proved 
that he could not only do the job for his 
bid price but could still make a substantial 
profit. In this ease, he was awarded the 
job. But how many millions of dollars 
had these same contractors and their po- 
litical bosses stolen before? How long 
had this collusion been going on? Only 
they know. 

Two years ago last summer another con- 
tractor, Mr. C , told me that he was 
being paid $35,000 a year for disposing of 
the refuse from a nearby city with a pop- 
ulation of 150,000 and that he annually 
received a similar amount from the reve- 
nue obtained from private dumping. In 
substance he said, “I don’t know what | 
would do if the district attorney in- 
spected my confidential books. They show 
kick-backs of about $25,000 per year, and 
they show to whom the payments were 
made. It would get a lot of people in 
trouble, including myself.” 
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And thus these practices go on, un- 
noticed in most cases by the public. Al- 
though most States have passed laws re- 
quiring sealed bids by three or more con- 
tractors for all public works and although 
the approach of the crooked politician to 
the contractor is rendered somewhat more 
difficult, friendship and collusion between 
these two is still possible. And the result 


is a whopping theft of an estimated two 
and one-half billion dollars per year from 
the publie pocket. 


The People’s Choice 


The public has heard a great deal about 
corruption in high places, Crime investi- 
gation commissions have brought light in 
many dark and dirty corners. Mink coats, 
tax scandals, influence peddling, rackets in 
veterans’ benefits, communist infiltration, 
post office scandals, “fixing” in the law 
enforcement, and RFC loans are only a 
few. Indignant, impatient voters came 
out from behind the clouds of confusion 
and indifference to cast their ballot for a 
“house cleaning.” The job is too big for 
one man or one party. The vote was not 
so much for a new party but for a new 
moral fiber in Government! 

We in the construction industry must 
heed this vote. If our leaders are not 
heedful, we must raise up new leadership. 
At this time the officers of our profes- 
sional societies might well be selected on 
the basis of their ability to give courage- 
ous leadership rather than for political 
expediency or past technical accomplish- 
ments. Those officers of our societies who 
have wormed their way into the inner 
circle and up the ladder of secretary, 
treasurer, vice president and _ president 
and lack the intestinal fortitude to take a 
firm stand on a moral issue do not com- 
mand their profession’s respect. A good 
captain does not let his men stand around 
painting the cabins while the ship is sink- 
ing! 


Graft Causes Even Greater Wastes 


The public must know that this 2% 
billion dollar graft is only a part of the 
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waste and inefficiencies caused by this sys- 
tem. Many of the programs sold to the 
public are undesirable, poorly planned, 
and some, even unusable. For example, 
an official report of the American Society 
of Civil Engineers shows that 25% of all 
municipal incinerators are abandoned 
within the first few years. These stand 
as mute monuments to pillaged engineer- 
ing fees, fake engineering, crooked deals 
with incinerator firms and kick-backs to 
corrupt politicians. The record shows far 
too many eases where the structures built 
under this corrupt system are lacking in 
sufficient cement or other basie ingre- 
dients and must be repaired or entirely 
rebuilt after a very few years instead of 
lasting a lifetime. 

And more important than the dollars 
so cleverly lifted from their pockets, the 
public must realize that corruption breeds 
corruption and that such practices can 
only muddle the reasoning ability of their 
political leaders and stamp their decisions 
with the dollar sign. We must realize that 
such corruption is not concerned with 
publie benefit but only with personal en- 
richment, not with the preservation of the 
democratic ideal but only with the ad- 
vancement of personal power. We must 
realize that our leadership may become 
so polluted that it may be impossible for 
it to hold the minds of men at home, as 
well as abroad, against the militant mate- 
rialism of communism. We must realize 
that, muddled as we are, we can never be 
secure from encirclement and ideological 
collapse, not even from actual military de- 
feat and conquest. We must know the 
facts, and we must do some serious think- 
ing. Let us not be deluded into the think- 
ing that the election has solved all our 
problems. 

One need only take a look at China to 
be terribly frightened. The Nationalist 
regime was riddled with graft and despite 
the hundreds of millions of dollars that 
Uncle Sam poured into that country, only 
a few thousand determined men with a 
plan inspired in Moscow gained control 
of all of China’s 450 millions. And now 
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they have invaded Indo-China and Korea 
and are threatening to precipitate the 
world into an atomic war. Graft was the 
principal cause of the fall of the National- 
ist government, even though that govern- 
ment had taken many steps toward true 
democracy. Paradoxically, at one time 
the United States refused to grant fur- 
ther aid to the Nationalists until they had 
cleaned their house of graft, yet at that 
same time, there was more corruption in 
the United States than there ever was in 
the Chinese Nationalist regime. Let’s all 
help our new broom sweep clean! 

The experiences of the past five years 
have been a bitter and costly lesson to the 
450 million people of China. The Amer- 
ican people must profit by this lesson; we 
cannot afford to learn the hard way. Un- 
less we learn, the world may be approach- 
ing the New Dark Ages. And the fault 
will be ours, not because we failed to com- 
prehend and put into practice our vast 
technological knowledge but because we 
failed to live up to the basic moral and 
spiritual truths of our American heritage. 
Our founding fathers understood these 
principles and founded this great democ- 
racy firmly upon them. But today we are 
defying these truths and, in so doing, are 
adulterating true democracy and are bleed- 
ing our American way of life to death. 

Although this shakedown of the 30 bil- 
lion dollar construction business is only 
one of many areas requiring attention we 
must take action here, as well as elsewhere, 
if we are to meet this threat to our exist- 
ence. What ean be done? 


The Construction Profession’s Battle 


Although the immediate power to stop 
this annual leakage of 21% billion dollars 
into the pockets of politicians rests in the 
hands of the construction profession, as 
yet almost nothing has been done or even 
seemingly contemplated. First of all, our 
profession seems oblivious of the gravity 
of their actions. Secondly, we seem afraid 
of one another, of competition and of not 
being successful in our own businesses. 
Thirdly, we have compromised and do not 
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know how to stop. Fourthly, we lack ay 
effective organization and red-bloode 
leadership. 

These are reasons why the construction 
profession has not cleaned house, but they 
are not excuses. Even a small minority o{ 
architects and engineers could put an 
effective plan into action, convince the 
majority to support actively the plan and 
either force the remaining few to fall in 
line or force them out of business. The 
basie principles behind such a plan might 
be: 


1. Architects and various engineering 
societies agree on a modern, aggressive, 
high level code of ethics, which would 
closely define the extent they may go to 
secure a job—no “commissions,” “finder’s 
fees,” or “kick-backs” of any kind would 
be tolerated. 

2. Competent accountants would be em- 
ployed to set up a single standard system 
of bookkeeping which all cooperating 
firms would follow. 

3. Selected honest accounting firms 
would then be employed to audit the books 
of all architects and engineers in each 
area and report all infringements of regu- 
lations to an elected board of professional 
men. 

4, All cases reported would be judged 
by this board and appropriate discipli- 
nary action imposed. Punishment might 
include a heavy fine plus revoking of the 
professional licenses of the principals of 
the firm. 

5. A system of double check can be 
called by any firm suspecting the corree- 
tions of the official audit. They can call 
for outside auditors to recheck the books 
of any firm at any time but must bear the 
cost of such an audit if the books are 
found to be correct. 

6. Firms unwilling to cooperate with 
such a plan will first be given very un- 
favorable publicity and, if shown to be 
collaborating with political grafters, will 
be brought to trial by the board in the 
criminal courts. 

7. Present grievance committees which 
are presently almost nonfunctional should 
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he given aggressive policy and rules with 
teeth. 


To be effective, the contractors should 
follow a similar plan especially tailored to 
their business methods. It is further sug- 
gested that the architects’ and engineers’ 
control board include two contractors as 
ex officio members and that the contrac- 
tors’ control board include one architect 
and one engineer as ex officio members. 
This interchange would permit mutual as- 
sistance and a double check on one an- 
other if the plan is to work. Only cour- 
ageous men of unquestionable moral in- 
tegrity should be selected on these boards. 


The Statesman’s Battle 


If the battle for honesty is won in the 
construction industry, then the source of 
revenue for the grafters will automatically 
dry up. But if this battle. is lost, then 
drastic measures may be required by men 
in publie life to insure reform. Such 
measures may involve: 


1. Cooperation with the reform ele- 
ments in the construction industry. 

2. Exposure of the crooked deals of 
their fellow public officials. 

3. Voluntary, perhaps compulsory, 
opening of every public official’s personal 
financial books for review by a citizens’ 
control board with the aid of an applicable 
system of accounting and auditing. 

4. Instilling of moral and _ spiritual 
awakening in the personal lives of the men 
in publie office. 


An important battle may have been won 
against entrenched corruption in all levels 
of government last November 4th but the 
war against corruption never ends but 
merely changes from a declared war to 
an underground guerrilla war. 


The People’s Battle 
We, the people, are the victims of this 
vicious graft. As victims we should be 
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the most interested in the search for re- 
form. Some steps that we may take are: 


1. Arouse friends, clubs, groups or 
churches to the tremendous urgeney of 
this battle for publie honesty as a pre- 
requisite for the survival of our demo- 
cratic way of life. 

2. Dig up facts on recent corruption 
and have them publicized to arouse public 
indignation and action. 

3. Nominate, campaign for, and “vote- 
in” honest and competent leadership. 

4. Associate with men in public life; if 
their views and actions are dishonest, in- 
spire and persuade them to reform or, if 
unsuccessful, expose and remove them 
from office. 

5. Become acquainted with men in the 
construction field, inspire them into ac- 
tion in accordance with the program out- 
lined previously. 

6. Lastly, we are not in this fight unless 
we are willing to start with ourselves. We 
may not have paid kick-backs to corrupt 
men in government but what about ex- 
pense accounts, “borrowed books” or a 
hundred lesser things. Our conscience 
can be very specific. And let us not for- 
get that honesty is an absolute moral 
standard. 


A final word. Men who steal from the 
publie till are likely to be brilliant, in- 
fluential and crafty. When cornered, 
however, although some may be desperate 
and fight, most merely turn yellow. None- 
theless we must plan the attack well for 
the opposition will be strong and will 
strike in very subtle ways. 

As our men in Korea continue unflinch- 
ingly to battle the enemies of Democracy 
abroad, let each of us do our utmost to 
defeat the more deadly enemies at home. 
America’s greatest need is a moral and 
spiritual awakening starting in ourselves. 
Then and only then can we lead the world 
to sanity and peace. 











Engineering History—A Pedagogist’s Problem’ 


By CARL L. SONNENSCHEIN 


Visiting Lecturer, Department of Engineering, University of California, Los Anqvl: 


Are there reasons why the history of 
engineering, and of engineers, should be 
investigated and written? We believe 
there are and the purpose of this paper is 
to present those reasons and also to point 
out some of the problems which would be 
associated with such a project. 

As engineers, rather than as_philos- 
ophers, we are prone to demand the dem- 
onstration of a need before we extend 
ourselves to attain a solution. The ques- 
tion before us will therefore be dealt with 
in the manner of the engineer. 

Engineering is an effective force in the 
community only insofar as the men who 
serve the profession are competent. Ob- 
viously, then, if the present day students 
of engineering are deficient for lack of 
historical prerogatives or traditions it be- 
hooves the teachers of engineering to cor- 
rect the situation. Often it has been said 
that a man who feels pride in his own 
work, and in the work of his colleagues, is 
one who accomplishes greater things. In 
simpler words, a man who is proud of his 
profession is generally one who will make 
a greater contribution to that profession 
because of a feeling of necessity to prove 
worthy of it. Pride may either be false or 
it may be based upon sound facts. We 
are prone to believe that today’s engineer- 
ing graduate is not equipped with a sound 
basis for pride in our profession. 

Consider the legal profession. There 
are few men, to our knowledge, in that 
profession, who are not able to speak with 
pride of the great jurists of the past. It 
has been found expedient, in this profes- 
sion, to include a good deal of history in 
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the required curricula. Therefore, the 
neophyte lawyer is well acquainted with 
the men, and their accomplishments, who 
have made the great advances in his pro- 
fession. 

In the medical profession one finds a 
well recognized discipline of medical his- 
tory. It is true, however, that the extent 
to which this discipline has become estab- 
lished is subject to wide variation. Some 
medical schools possess departments of 
medical history which have equal stature 
with those departments which are either 
clinical or theoretical in concept. In other 
instances, specific courses concerning the 
history of medicine are required of all stu- 
dents. Additionally, there exist journals 
which are conducted solely for the purpose 
of encouraging and espousing the subject 
of medical history. Accordingly, a rela- 
tively large percentage of medical gradu- 
ates are historically conversant so far as 
their own profession is concerned. 

Consider, however, our undergraduate 
engineers. What does the average student 
know of general history, much less the 
history of engineering? The answer must 
be that he knows extremely little. Let us 
inquire as to the reasons responsible for 
this state of affairs. 

To what extent has the history of engi- 
neering been evaluated and written? To 
what extent have the engineers relin- 
quished their claim rights to the physicists, 
chemists, and mathematicians? What have 
we as engineers done to alleviate the situa- 
tion so as to clarify the status of many 
of history’s outstanding intellects? 


No Coherent History of Engineering 


To our knowledge, no coherent history 
of engineers, or engineering, beginning 
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with antiquity and including the 19th cen- 
tury exists, although some segmental his- 
tories have been written dealing with par- 
ticular periods, or men. Consideration of 
available material would seem to indicate 
that the history of engineering is not a 
continuous one but has lapsed as civiliza- 
tion progressed. The latter conclusion is 
obviously fallacious. 

Fortunately, it is not necessary to dig 
into the lists of the unknowns before one 
finds the names of men who might be con- 
sidered to have been engineers or who par- 
ticipated in great engineering works. Ac- 
tually, most of the men whom we would 
intuitively want to call engineers have 
been already claimed by other groups as 
members of their particular histories. Per- 
haps a few examples, based upon intui- 
tion rather than the “Historical Method,” 
might serve a purpose at this point. 

Archimedes, thought of by some as the 
greatest intellect of antiquity, is most com- 
monly known as a philosopher and mathe- 
maticion rather than as an engineer. Yet, 
consider his invention of the irrigation de- 
vice which we now know as “Archimedes 
Serew.” Surely here is an example of a 
man providing a solution for a highly 
practical problem. For the military man 
and engineer the invention of catapults 
and the statement of the law of levers was 
a notable contribution in an engineering 
sense. Why then should not the engineers 
claim Archimedes for their own rather 
than leaving him solely to the mathemati- 
cians and philosophers? 

Leonardo da Vinci and Michelangelo, 
the two great contemporaries of the latter 
15th and early 16th centuries, are known 
to all. True, the engineering and inven- 
tive genius of da Vinci has been given 
wide publicity of late, but what of Michel- 
angelo? The artists and architects would 
claim Michelangelo for their own perhaps 
without considering some of the facts in 
the ease. Whereas the architect, in the 
strict sense of the word, is the one who 
must design a building, the engineer is the 
one who will ultimately determine the 
method of construction and supervise it. 
In these activities, Michelangelo was out- 
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standing. Military fortifications were of 
greatest importance in that period and 
Michelangelo was called upon to design 
and to construct many such works. 


Pure Mathematicians 


Next consider a few men who are gen- 
erally known to posterity as pure mathe- 
maticians. The question which must be 
answered regarding these men is whether 
or not the mathematical work which they 
produced was the off-shoot of purely phil- 
osophical contemplation or whether it 
stemmed from mature consideration of 
some practical problem. Pascal, Newton, 
the Bernoullis, Laplace, Monge, Fourier, 
Cauchy, and Poncelet, to name a few, are 
all men whose works may be judged by 
the criterion of the foregoing question. A 
detailed study of the biographies of these 
men perhaps would indicate that their 
greatest mathematical contributions were 
a result of their studies of practical engi- 
neering problems and situations: Pascal 
in fluid flow; Newton in mechanics; the 
Bernoullis in solid and fluid mechanies as 
well as strength of materials; Euler in 
analytical mechanics and hydrodynamics; 
and so the list goes. The studies which 
these men made were not to lie dormant 
for many years but were applied, upon 
the presentation of the solutions, to prac- 
tical problems of bridge construction, hy- 
draulic systems, ordnance design, road 
construction, and all the varied fields of 
engineering then known. 

Among those men previously mentioned 
both Monge and Poncelet were military 
engineers interested primarily in the con- 
struction of military fortifications and 
weapons. Monge generally is credited 
with the invention of Descriptive Geom- 
etry, a method of graphical solution of 
certain problems whose importance to the 
engineer is obvious to all of you. Poncelet 
held the positions of Professor of Mechan- 
ies at Metz and later the Professorship of 
Applied Mechanics at Paris. Surely the 
latter named positions are ones which 
would very easily be recognized in our 
engineering colleges. 

Boyle, Hooke, and Lavoisier are gen- 
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erally considered to be outside the field 
of the engineer. However, in addition to 
their many other achievements, these men 
contributed substantially, and practically, 
to the engineering profession. Boyle 
might never have been able to propound 
the law of gases, which is named after 
him, had he not first been able to design 
and build an improved air pump, this ac- 
complishment to be followed by the inven- 
tion of a high pressure air pump. Hooke’s 
law is known widely, but the whole field of 
elasticity was this man’s workshop and 
his contributions therein have not been of 
a minor nature. Lavoisier, known first 
and foremost as a chemist, was for a pe- 
riod a manufacturing or process chemist, 
as director of the State gunpowder works. 
Certainly the function which Lavoisier ful- 
filled would be classified as chemical engi- 
neering in our present society. 

There seems to be little doubt but that 
the man who is hailed as the greatest 
of the Renaissance engineers is Galileo 
Galilei. Volumes have been written about 
Galileo and possibly they represent the 
majority of all that has been written, or is 
generally known, of the history of engi- 
neering prior to the 18th century. 

At the other extreme one finds Joseph 
Marie Jacquard who contributed to the 
production technology of woven materials. 
This man who lived during the period of 
the French Revolution and the Napoleonic 
Wars invented a weaving machine to pro- 
duce figured cloth; he also invented a ma- 
chine to weave fishing nets. In retrospect, 
the accomplishments of Jacquard may not 
seem as important as some that have been 
mentioned, but under what circumstances 
is the engineering profession justified in 
ignoring these or any accomplishments 
when considered in the light of the period 
of their fruition? It is probably the men 
of Jacquard’s stature who represent the 
continued growth of engineering even 
more than do those who made the great all 
encompassing, but infrequent, contribu- 
tions. 

As has previously been stated, the fore- 
going list is based upon an intuitive choice 
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of men and events to illustrate a point ay, 
does not constitute coherent history. }{, 

ever, in order to separate historical “*{.4." 
from intuition it is necessary that the « 

ticism and questions of the professions 
historian be anticipated. 


Questions 


The questions which would in all prob 
ability be asked by the historian are thy 
following: 1) how does one define an engi 
neer?; 2) how does one define an engineer 
ing work?; 3) what evidence is availah| 
to substantiate the claims made?; and 4 
what further evidence may possibly }y 
available which might appreciably alter 
the conclusions which have been reached?! 
These questions lead us into a considera. 
tion of what the historian calls the “His 
torical Method.” 

As engineers we are readily able to con- 
cede that in order that a problem be dis 
cussed it must first be defined so that all 
can conceive of its limitations. The his- 
torian feels no differently and it is for this 
reason that the first two questions would 
be asked. Who is to answer these ques 
tions? Can the engineering professior 
adequately do so? If not, ean an interim 
answer be used in order that the solution 
proceed? With all due respect for the 
many brilliant men who have attempted to 
formulate definitions of the “Engineer” 
and “Engineering,” it appears that w 
will, however, have to accept some sori of 
an interim definition because of the lack 
of universality of acceptance of any. 
These definitions will necessarily be stated 
for all to see; they will be used as the 
criteria of choice of subject matter. 

The latter two questions regarding evi- 
dence concern themselves with the methods 
of the historian in acquiring materials and 
establishing historical “fact” from these 
materials. It is not within the scope o! 
this paper to go fully into a discussion of 
the “Historical Method” but merely to 
present its salient features. Gottschalk 
says, “Historical Method consists of (1 
the collection of probable sources of in 
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formation; (2) the examination of those 
sourees for genuineness (either in whole 
or in part); and (3) the analysis of the 
sources or parts of sources proved genuine 
for their credible particulars.” This is 
not a task to be taken lightly or one to be 
approached in any but an attitude of de- 
siring to accumulate all possible relevant 
material so as to be able to draw from the 
sources all valid conclusions and to write 
a coherent history. It is absolutely essen- 
tial that the historian of engineering does 
not fail to use properly the available mate- 
rial The historians of science have, at 
times, been accused of committing this er- 
ror of misuse and improper interpreta- 
tion. Undoubtedly, for proper evaluation, 
knowledge of engineering subject matter 
will be essential, but it must be accom- 
panied by a working knowledge of the 
techniques of the historian for ferreting 
out and evaluating bits of information 
and evidence. 

The term “coherent history” will now be 
defined. As used here a coherent history 
is not one which is merely biographical, 
in content, but is one which takes into 
account the social, economic, and political 
conditions and their interrelations with the 
development of men and ideas. Any par- 
ticular history must be set into its proper 
framework as a single part of a complete 
picture. This represents a large task and 
a difficult one requiring not only the abil- 
ity to obtain “facts” from material but 
also the ability to weigh all the factors 
involved. Of course, the job may be some- 
what simplified if one were to deal with 
a subject such as the history of Engineer- 
ing Edueation and to consider it from its 
internal aspects only. Then, conceivably, 
the external factors could be ignored. 
Needless to say, there are many such 
facets to the overall problem which might 
be attacked without broaching the larger 
issue. 

We believe a recognizable need exists 
for a coherent history which can serve as 
a working basis for a more complete 
understanding and pride of, and for, the 
engineer and his profession. The attain- 
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ment of this goal will very likely be ae- 
complished by a relatively small group 
within, but the support of, the whole pro- 
fession, and that group must take the full 
responsibility of doing an accurate and 
worthwhile job. 


Conclusion 


In closing, a final consideration : in what 
way will the required material be aceumu- 
lated and digested, and how may it be 
disseminated to the students oi engineer- 
ing? In the first place it appears neces- 
sary that interested persons must band 
themselves together, in the manner of legal 
and medical men, into groups or societies 
for the promotion of engineering history. 
Secondly, it would behoove the individual 
teacher to obtain historical background 
material, for his courses, and to make this 
material an integral part of his subject 
matter along with the more technical 
parts. Possibly, individual courses on the 
history of engineering should be estab- 
lished and required in the various ecur- 
ricula, when adequate material becomes 
available. In self justification, we might 
add that the foregoing procedures are the 
ones used variously by the chemists, phys- 
icists, and mathematicians as they attempt 
to inculeate their students with a sense of 
professional pride based upon adequately 
documented histories. 
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College Notes 


The annual Cornell Summer Labora- 
tory Course in Techniques and Applica- 
tions of the Electron Microscope will be 
given this summer from June 15 to June 
27, 1953, by the Laboratory of Electron 
Microscopy in the Department of Engi- 
neering Physics. The course under the 
direction of Dr. Benjamin M. Siegel will 
have Dr. James Hillier of the RCA Lab- 
oratories, Princeton, New Jersey, and Dr. 
C. E. Hall of M.I.T., Cambridge, Massa- 
chusetts, as guest lecturers this year. 

The course is designed for those re- 
search workers, institutional and indus- 
trial, who have recently entered the field of 
electron microscopy or who are now plan- 
ning to undertake research problems in- 
volving applications of this instrument. 
Further inquiries should be addressed to 
Dr. Benjamin M. Siegel, Department of 
Engineering Physics, Rockefeller Hall, 
Cornell University, Ithaca, New York. 


The California Institute of Technology 
has created an Engineering Science option 


for candidates for the Doctor of Philos. 
ophy degree. This program of study is 
designed to give greater and more flexible 
opportunities to the student whose inter- 
ests extend beyond the bounds of the eur- 
rent engineering fields. The boundaries 
between the fundamental concepts of these 
traditional fields are already diffuse and 
for many students should be ignored en- 
tirely. 

The option was initiated at the begin- 
ning of the 1952-53 academic year and 
five candidates are now studying under 
the program. The first degree is expected 
to be conferred in 1954. This option em- 
phasizes the engineering and _ scientific 
fundamentals rather than the applied as- 
pects, and will be particularly helpful to 
students interested in careers in teachine 
and research. The engineering science 
candidate will inelude in his studies sub- 
jects lying outside the customary engineer- 
ing program, such as classical physics and 
physies of solids, and new fields such as 
jet propulsion. 





The Bases of Engineering Problem-Solving 
Skills* 


By J. F. CALVERT, Chairman, Dept. of Electrical Engineering; H. P. 
SHELLEY, Instructor in Psychology; AND R. S. HARTENBERG, 
Associate Professor of Engineering Mechanics, 
Northwestern University 


Advaneing technology is characterized 
in part by solving engineering problems 
arising from new and unfamiliar situa- 
tions. A few great advances have been 


made by those who are called geniuses; 
but the bulk of the advance has been made 
by piling minor inventions and discoveries 
on top of each other, the many small con- 
tributions making for a sometimes over- 
whelming whole, and recognized as a dis- 
tinct step forward. It is in this mass area, 


the area in which a small contribution is 
made by each of the many, that we need 
to stimulate originativeness. 

Inventions and _ diseoveries, whether 
great or small, result from a carefully 
planned strategy and/or the ability of 
someone with the right equipment to capi- 
talize and exploit a chance happening or 
thought. A formal educational process 
lays the ground-work for planned attacks 
and traces the patterns of the strategy of 
the fait accompli. If originality in 
thought, design, motivation and execution 
could be stimulated at the undergraduate 
level, then the right equipment, the right 
man and the right time might be brought 
together to bear in full on a tough prob- 
lem. 

Industry has long been gladly paying 
for “Suggestion Box” items at the shop 
level. Given the right situation, and a 
bright-eyed awareness of a shorteoming, 
many a man has come up with an idea, 
sometimes because of laziness, that meant 


* Given at the Annual A.S.E.E. meeting at 
Dartmouth, June 1952. 


real progress. The story of James Watt 
may be apoeryphal, but it is said that 
he became tired of running around turn- 
ing valves by hand and devised a system 
of levers and strings to do the job for him. 
He did much more for the old Neweomen 
engine—he introduced the external con- 
denser and that was really thinking. 
There is, however, no good reason why 
the general ideas, plans and methods used 
by the people who have demonstrated abil- 
ity along lines ealled original should not 
be studied for what can be culled from 
them, that they may be incorporated in 
an integrated way into the edueational 
program of an engineering school. This 
program would stimulate the development 
of originativeness, creativity, ingenuity, 
inventiveness or whatever you want to call 
it. We'll eall it creativity. Such a pro- 
gram might go a long way toward fulfill- 
ing the quest for more able men in that 
large area of problem-solving where engi- 
neers must deal successfully with new and 
unfamiliar situations. 

The objectives of this and the com- 
panion paper, “Problem-Solving Skills in 
Engineering Drawing and Descriptive 
Geometry,” are to make a preliminary re- 
port on an exploration into what may be 
done to develop latent creative ability. 
In making such an exploration, we have 
made two assumptions: first, that all de- 
grees and levels of creative ability exist 
among engineering students, and seeond, 
that much can be done in terms of educa- 
tional procedures to further the expres- 
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sion of this ability by the student and 
graduate engineer. In the present paper 
we undertake to define the abilities and 
work-methods which we believe are char- 
acteristic of engineers who have been suc- 
cessful in original work. The companion 
paper reports on work in progress in the 
graphic and hence more tangible educa- 
tional areas. The joint goal is to find edu- 
cational procedures which will develop 
these abilities and teach these methods. 


Report on Work in Progress 


A large amount of work is in progress 
in relation to engineering education and 
also in relation to the broad field of 
creativity. In arriving at suitable de- 
seriptions of the characteristics of engi- 
neers who do creative work, we have com- 
pared our ideas with the literature of both 
psychology and engineering and also with 
the opinions of those who are successfully 
doing original work in engineering. We 
are interested primarily in engineering 
synthesis (design and/or invention) as 
contrasted with analysis or even chance 
discovery. 

At this point we wish to call particular 
attention to the report presented at this 
Dartmouth meeting by the A.S.E.E. Com- 
mittee on the Improvement of Engineer- 
ing Teaching. In part, it discusses our 
problem in a broader setting, but of 
necessity in less detail and without refer- 
ence to related researches. 


Abilities and Work-Methods 


The data to be reported in this paper 
are primarily a list of abilities and work- 
methods employed by those who are suc- 
cessful in solving engineering problems. 
The abilities or talents are specific per- 
sonal characteristics of an individual; the 
work-methods are a logical sequence of 
steps or operations leading to a solution. 
Obviously certain steps of the work-meth- 
ods imply the use of certain abilities, and 
they will be noted as they appear. The 
abilities and work-methods detailed in the 
following are opinions: it is believed that 
they are valid, and as such they will define 
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the qualities we wish to develop throyg) 
formal educational experience. 


I. Specific Abilities 
A. Sensitivity to Needs and Potentis 
Solutions. 

. Idea Fluency— the ability to yee 
ognize problems needing solution 
and to produce potential solutions 
(a quantitative concept). 

. Originality—the ability to produce 
uncommon, clever, or remote ideas 
which depart from the traditional 
(a qualitative concept). 

The development of sensitivity to needs 
and potential solutions requires practic 
in constantly observing one’s surroundings 
with an eye toward utility. One needs to 
raise questions such as: Why is something 
done as it is? How could it be done dif- 
ferently and better? Where else could the 
observed principle or technique be ay 
plied ? 

B. Visualization 

1. Physical—the ability to visualize 
in two and three dimensions, de- 


signs, systems, and physical ob- 
jects. 

. Symbolie—the ability to visualize 
system parts or performance in 


terms of mathematical or other 
symbolic notation. 
Flexibility—the ability to change 
from one method of approach to a 
problem to another, or from one 
method of solution to another, i.e, 
the ability to change “set” or 
strategy. 

. Judgment—the ability to evaluate 
generalizations or consequences in 
physical or in symbolic representa- 
tion. 

. Reasoning—the ability to reach ae- 
ceptable conclusions on the basis of 
technical and scientific processes 
and also on the basis of realistic 
thinking, where economy, social 
consciousness, and need are con- 
sidered. 


*It might prove desirable to employ 2 
combined statement for these two abilities. 
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Verbal factor—the ability to com- 

municate ideas in a logical fashion 

and also, when necessary, in a 

persuasive manner. 

Personal relations—a number of 

abilities are involved, e.g., getting 

along with others, having an open 
mind, consideration for others. 
II. Work-Methods 
A. Defining the Problem, or Making a 
Clear Statement of the Goals to be 
Achieved. 
(The material within the quotation 
marks is taken more-or-less verbatim 
from the Report of the A.S.E.E. Com- 
mittee on the Improvement of Teach- 
ing. ) 
“Tn endeavoring to make a concise state- 
ment of what appears to be a single 
problem, one might start by listing all 
factors thought to have a_ bearing. 
Through classification and consolida- 
tion, a strenuous effort should be made 
to express these factors in a form some- 
what like the following: 
1. The purpose is to produce (if a 
design is called for) 
the purpose is to determine (if an 
analysis is to be made) 
2. To overcome the specific inade- 
quacy of 
3. In such a way that 
B. Developing Solutions and also Se- 
lecting a Solution to be Worked on. 
As indicated, these work-methods may 
be classified in two categories. For 
purposes of exposition these work-meth- 
ods will be listed under the two separate 
headings, although in practice they are 
interdependent. 
1. Developing Solutions 
a. Reducing the defined main goal 
into a series of sub-goals such 
that if all sub-goals are achieved, 
the main goal is achieved. 

. Questioning the essential char- 
acter of the sub-goals and their 
arrangements with a view to dis- 
carding one set of sub-goals in 


». Developing one’s own symbol 
system to reduce a problem to its 
most simple elements if no com- 
monly accepted system is avail- 
able. 

. Setting up other problems less 
difficult than the real one but 
which, by the successive intro- 
duction of more factors, yield in- 
creasingly better approximations 
until the last becomes an accept- 
able representation of the actual 
problem under study. 

. Interpreting potential responses 
from a study of limiting or 
boundary conditions. 

'. Developing valid analogies which 
reframe a new situation in a 
more familiar form, and thus 
permit the application of theory 
and experience in one field to 
provide tentative or even final 
explanations in another area. 

. Skil in “brain-picking’—a 
technique commonly employed 
by engineers administering re- 
search and development which is 
exceedingly efficient in obtaining 
pertinent information. 

. Skill in library research. 

Skill in the use of time and 
energy so as to bring the best to 
bear on the toughest problems. 


. Selecting a Solution to be Worked 


on. 

a. Checking for matches and mis- 
matches between the probable re- 
sults and the desired results to 
discover vital, questionable or 
inconsequential differences. 

. Skill in determining the probable 
satisfaction to be given the ulti- 
mate user by a given solution. 

. Being on the lookout for by- 
products and their potentials. 

. Preparing honest statements 
about the probable results of a 
proposed solution. 

The specific abilities of idea fluency, 


favor of a more advantageous originality, visualization, flexibility, 
set. judgment, reasoning, and verbal eclar- 





512 


ity appear to be related to developing 
and selecting solutions. 
C. The Negotiation of the Acceptance 
of the Solution. 

It is usually necessary for someone 
to negotiate the acceptance of a prob- 
lem before funds and time can be 
secured to work on it. Quite com- 
monly it is necessary to keep up the 
interest of both those financing a 
problem and those earrying out the 
work. Finally, it is necessary to 
“sell” the completed work. The re- 
actions of the client, and/or the po- 
tential consumer must be considered, 
and the negotiation must be so pack- 
aged that it gets across before the 
other fellow get tired of listening. 

The specifie abilities of the verbal fac- 
tor and personal relations are of particu- 
lar importance in this phase of problem- 
solving. 


Survey of Research on Problem-Solving 


As has been indicated earlier, the fore- 


going lists of abilities and work-methods 
were developed as a result of a series of 
staff conferences involving engineers and 


psychologists. The effort also reflects a 
fairly comprehensive review of the litera- 
ture in the field of problem-solving as 
well as discussions with men in this area 
of endeavor. There is a close correlation 
between the checklist of skills proposed in 
this paper and with the literature in the 
broader field of problem-solving. 

All of the specific abilities listed with 
the exception of Item I-G, which has to 
do with the problem of interpersonal rela- 
tions in a team research project, can be 
found in one form or another in the work 
of Guilford on creativity (4). They were 
part of his original hypotheses and test 
battery and appear to be coming out as 
factors in his analysis. In addition, the 
work of Flanagan (3) on critical require- 
ments for research personnel, although 
explicitly directed at critical requirements 
in terms of behavior, contains reference 
to many of these abilities. The behaviors 
listed in his checklist under “Identifying 
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and Exploring Problems” would be jp. 
cluded under our category, “Sensitivity +, 
Needs and Potential Solutions.” 

Flexibility or the ability to change g« 
is one of the most consistently appearing 
factors in studies on problem-solving, |; 
is found in Maier’s (8) early work: 
Luchins (6) has examined this factor 
quite extensively. MacLatehy’s (7) study 
stresses invariablity of problem-solying 
methods in children. Shaw (9) uses jt 
to explain the greater effectiveness of 
group problem-solving over individu! 
problem-solving. The need for an ability 
to change set can be inferred from the 
critical behaviors Flanagan lists under 
“Anticipating Difficulties” (“Outlined al. 
ternative approach to be used if first 
choice failed”) and under “Modifying 
Planned Procedures,” e.g., “continued to 
follow old method or approach without 
change when evidence showed that it had 
failed” (ineffective behavior) and its ef- 
fective counterpart, “adapting alternate 
procedures as soon as unforseen negative 
conditions or difficulties were encount- 
ered.” 

In addition to the more-or-less speciti 
abilities of the problem-solver as a person, 
it is recognized that work-methods or ways 
of attacking problems are also important 
in problem-solving effectiveness. Although 
dependent upon the abilities of an individ- 
ual, as listed above, they are independently 
related to problem-solving effectiveness, 
ie., two people of equal abilities might 
differ in their effectiveness in solving prob- 
lems because their work-methods differed 
in effectiveness. “Defining the Problem,” 
as we have chosen to e¢all it, would include 
the behaviors Flanagan lists under “De- 
fining the Problem” as well as those listed 
under “Planning and Designing the In- 
vestigation.” Bloom’s and Broder’s (1) 
“Check List on Problem- Solving,” around 
which a program of remedial training in 
problem-solving was based, directs atten- 
tion to understanding the problem, the 
setting up of criteria which a solution 
must meet, and the implications of the 
problem. 
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The reduction of a problem into a series 
of sub-goals was recognized by Bloom and 
Broder when they attempted to get their 
subjects to “break complex problems into 
more workable parts” and “to deal with 
each part separately.” Under the cate- 
gory “Developing Systematic and Inelu- 
sive Plans” Flanagan lists “outlined a 
plan calling for each element of problem 
to be studied in sequence.” 

Item e under “Developing Solutions” 
ealls for the development of one’s own 
symbol system to reduce a problem to its 
most simple elements. This work-method 
has not been discussed in the literature. 
However, if it is true that reducing a 
problem to its simplest elements is a part 
of efficient problem-solving, then skill in 
the development of a symbol system which 
will permit this to be done more efficiently 
isa work-method that should be developed. 

Item d under “Developing Solutions” 
calls for the gradual achievement of a 
problem-solution by the successive intro- 
duction of more factors to less complex 


problems. In Flanagan’s checklist we find 
“Presented plans which include methods 
of integrating one factor or phase with 
others’—a form of behavior very similar 


to what we intend. It would seem that 
what we have in mind is what Duncker 
has termed productive problem reformula- 
tion. As he puts it. “The final form of a 
solution is typically attained by way of 
mediating phases of the process, of which 
each one, in retrospect, possesses the char- 
acter of a solution, and, in prospect, that 
of a problem.” The mediating phases in 
many eases amounts to the successive in- 
troduction of new factors into an origi- 
nally simpler problem. 

We have found no counterpart in psy- 
chological literature for Item e, “Inter- 
preting potential responses from a study 
of limiting or boundary conditions.” It is 
a specifie technique that has applicability 
to many engineering problems. 

Items g and h, “Brain-Picking and “Li- 
brary Research,” have to do with the kind 
of behavior Flanagan places in the cate- 
gory of “Collecting background informa- 
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tion.” We have distinguished between re- 
viewing the literature and getting infor- 
mation directly from other people because 
it is thought that while the function is the 
same, different kinds of behavior are in- 
volved. Further, since there is a substan- 
tial time lag in the publication of research 
and since in the area of new problems 
much valuable thinking and research is 
never published because the solution has 
not yet been attained in a satisfactory 
form, it is important to be able to get this 
information. 

Item II-B2a, “Skill in checking for 
matches and mismatches between the prob- 
able results and the desired results,” refers 
to the selection of the solution to be ree- 
ommended. It is quite likely that it will 
be impossible to empirically distinquish 
between this behavior and the judgment 
and reasoning abilities listed earlier. Per- 
haps it is at this level that the distinction 
between abilities and work-methods breaks 
down. It it likely that this is a result of 
the fact that the inference of abilities is 
based on behavior and when the behavior 
becomes complex, work-methods and abil- 
ities become the same. The behaviors 
listed by Flanagan under the category, 
“Interpreting research results” certainly 
involves the same sort of behavior with 
which we are concerned at this point. 

Items II-B2b and d are included be- 
cause the engineer’s problem-solving ac- 
tivity does not stop with the determination 
of a solution. He must evaluate the solu- 
tion in terms of its satisfaction to the 
ultimate user and he must frequently be 
able to present his solution in a careful 
scientific manner. Item II-C, “Negotia- 
tion of the Acceptance of a Solution,” is 
included because it must be done if the 
engineer is to carry his problem-solving 
activity to a successful engineering con- 
clusion. 

Experimental research in the area of 
problem-solving has been primarily con- 
cerned with the determination of the fae- 
tors or processes involved in problem-solv- 
ing or in the development of selection and 
achievement tests. A few of the early 
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studies deal with training procedures, e.g., 
Maier (8), MacLatechy (7), Lapp (5). 
The training methods were very specifie in 
nature involving a minimum amount of 
transfer. Although the results are prom- 
ising, the methods are not directly suitable 
for use in an academic setting. Recently, 
Bloom and Broder (1) have published a 
study on remedial work in problem-solv- 
ing, a study that is more directly pertinent 
to the task at hand. Their primary in- 
terest was in teaching students how to 
solve problems in a testing situation, and 
their remedial program was primarily in- 
dividual although some work was done in 
groups. Again it appears that their work 
cannot be directly applied to the classroom 
in an established curriculum, 


Summary 

What we have tried to do is to outline 
the generalities invoked and used by those 
who are successful in solving the ever- 
present new engineering problems. The 
next step would be to have our students 
use these elements on problems that must 
be met with well-marshalled attacks in- 
volving speculation and decision, theory 
and method. This is not a plea for new 
curricula, but only a suggestion that pres- 
ent courses might become more meaning- 
ful by the application of new educational 
methods and problems which teach the 
basic laws of engineering and funda- 
mental techniques and at the same time 
lead the student to greater ability for 
creative work. It is the authors’ opinion 
that something must be done at every level 
within the curriculum. 

The authors believe that the drawing 
courses furnish an excellent opportunity 
to demonstrate, extend and coordinate the 
usefulness of graphical methods as key 
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tools needed for original work in many 
intricate engineering fields—kinematics, 
machine and system design, block diagram 
representation of dynamic performance, 
and to introduce the study of both graphi. 
cal and machine computing techniques, A 
real and rewarding satisfaction would be 
gained by the establishment of a powerfy| 
current flowing beyond the first year, 
where drawing skill would be exploited as 
a tool of continued usefulness. 
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Problem-Solving Skill in Engineering Drawing 
and Descriptive Geometry” 


By R. A. KLIPHARDT 


Associate Professor of Engineering Drawing, Northwestern University 


Engineering is traditionally a problem- 
' solving profession. However, the many 
ingenious solutions of the past constitute 
such a wealth of know-how they put a 
| pressure of time on engineering educa- 
' tion; we can easily become overly con- 
| cerned with student’s performance in his 
' first job out of school at the expense of 
his total professional development. Nor- 
mally, in engineering drawing and de- 
| seriptive geometry, we emphasize indus- 
| trial practices of recording size, shape, 
| materials, surfaces, ete. But engineers use 

drawings and drawing skill in many ways; 
| in fact graphic techniques and engineering 
problem-solving are inseparable. The 
question is, “How do we find time for the 
: extras?” 

Most graphic solutions of engineering 
can be introduced as problems in instru- 
ment work, whereas the patterns and de- 
signs used are less stimulating and take the 
same time. In the first weeks of engineer- 
ing drawing, drawing board constructions 
of parallel lines, perpendicular lines, scale 
work, and geometric division of a segment 
are covered. The student can be given a 
simple truss and shown that by drawing 
a diagram of lines parallel to the loads 
and members of the truss with the known 
loads to seale, the total stress in the mem- 
bers of the truss can be determined with 
very adequate accuracy. ‘Those who are 
intrigued by this can easily be led to dis- 
cover the reasonable assumptions that the 
summations of forces horizontally and 
vertically must be zero for coplanar forces 


*Given at the annual A.S.E.E. meeting at 
Dartmouth, June 1952. 


in equilibrium, and that a figure composed 
of lines parallel to the action lines of 
these forces drawn end on end to seale 
must close. It is not necessary that all 
the men in the class master this additional 
coverage; there will be increased motiva- 
tion to perform the construction aceur- 
ately when it leads to a result that can 
be compared metrically with that of the 
other students. This is, of course, graphie 
statics. But a pre-view can give the 
stimulation of discovery and emphasize 
the problem-solving power of drawings. 
As another example we have: 


. Draw a straight line segment AB any 
length. 

. Construct AC and BD perpendicular to 
AB and any equal lengths. Draw CD. 

. Construct the midpoint K of AC and 
the midpoint L of BD. Draw KL. 

4. Divide AB and CD into 10 equal parts 
and KL into 20 equal parts. 

. Number the divisions 0 to 10 from A 
on AB and from C on CD. 

. Number the divisions 0 to 20 from K 
on KL. 

. If now you connect any number X on 
AB and any number Y on CD with a 
line, it will cross KL at Z, the sum of 
the numbers. This is called a nomo- 
graph for Z=X+ Y. 


How accurate is your work? Do the sums 
check? Can you subtract 3 from 8 on 
this nomongraph? 

Again to intrigue the quicker men and 
stimulate all of them to think and try to 
solve an unfamiliar problem, ask them to 
construct a nomograph for Z = 2X + Y, or 
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Z=2X+3Y. They need no further the- 
ory; the idea above can be adapted. Asa 
real challenge, tell them that nomographs 
ean be used for multiplication and divi- 
sion. Suggest Z=2XY, or Z= X°*Y, as 
tests of their ingenuity. 


Emphasis on Purpose 


When studying orthographic projection, 
make the determination of necessary views 
and the selection of seale the student’s 
problem. If possible give the students 
models to handle, measure and sketch with 
dimensions. If then the object is removed 
and the instrument drawing must be made 
from the student’s own sketches, he will be 
stimulated to anticipate the predicament 
of anyone reading his drawing; it also 
emphasizes the purpose of the drawing to 
record information completely. Students 
ean be asked to exchange sketches and 
make instrument drawings from each 
others sketches. 

Several magazines publish monthly 
compilations of new devices and gadgets. 
Have each student select one and repre- 
sent his selection with sketches and dimen- 
sions as he considers necessary to ade- 
quately describe the new article and the 
human need it fills. 

Remind the students that some four 
legged devices have four wheels, some two 
wheels and some no wheels. What prob- 
lems or requirements are best solved by 
each? Compile a list of free-standing 
devices on which you would prefer to have 
4, 2, and 0 wheels respectively. 

Visualization is an ability long asso- 
ciated with engineering. There is good 
reason to believe that those who ean pic- 
ture a situation have an advantage in solv- 
ing it. Visualization of three dimensional 
objects or systems is a requisite for sketch- 
ing. Give the students an isometric of an 
object with a compass indicating north, 
south, east, west, up and down. Then ask 
them to sketch isometries of the object 
turned : 


a. so that the given south face is west and 
the top is still top. 
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b. so that the given top is to the west anq 
the given south face is still south 

ce. so that the given top is the bottom and 
the given west face is still west 

d. so that the given bottom is to the south 
and the given east face is the bottom, 


Finally have them judge which sketch 
best describes the object, or suggest 
position that gives a sketch that is more 
descriptive than any of those required, 
Such an exercise supports the usual cover- 
age of visualization and free hand sketeb- 
ing, but also involves flexibility and judge. 
ment. 

Then again, we find that visualization is 
not enough. Can we be sure by visualiza- 
tion that there is a third plane perpendicu. 
lar to any two given planes? Or a line 
perpendicular to and intersecting each of 
two given lines? Can we conclusively 
visualize that a brace cannot make an 
angle of 60° with both a vertical wall and 
the floor? Can we visualize the correct 
representation of an oblique conveyor per- 
pendicular to another oblique conveyor? 
Can we be sure of the existence of a right 
triangle ABC whose hypotenuse AB is 
horizontal, bearing N30°W three inches 
long and whose side AC is frontal and 1 
inch long? Can we determine the number 
of possible solutions visually? 


Integration of Descriptive Geometry 
with Other Geometry 


I am sure we all find engineering stu- 
dents well acquainted with the relations 
of plane and solid geometry. Thus de- 
seriptive geometry can be a problem- solv- 
ing course from start to finish leading the 
students to see how several previously ex- 
perienced geometric ideas can be combined 
to solve unfamiliar problems. I strongly 
urge that rather than building on an artifi- 
cial set of rules or principles, we build all 
our solutions out of geometric relations 
with which the student is familiar. Thus, 
instead of being an isolated nightmare, 
descriptive geometry takes its place in an 
integrated pattern of plane, solid, descrip- 
tive, analytic and projective geometry, t0- 
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gether with engineering drawing, an im- 
portant application of all geometry. 

The students know that if two points 
are on a plane, the straight line econnect- 
ing them is on the plane; and that if a 
line is parallel to one line in a plane it 
is parallel to the plane. With just the 
conclusion in deseriptive geometry that 
parallel lines have all corresponding pro- 
jections parallel, the students should enjoy 
solving the problem of representing a 
straight conveyor with required bearing 
and parallel to the plane of a hillside rep- 
resented with three points of a survey. 

When the students know how to find 
the true length of a line segment in space, 
the problem of determining the distance 
from a given space point A to a given 
space line BC ean be considered a new 
problem within their ability to solve. Cer- 
tainly the most direct procedure is to con- 
nect A to B and C forming triangle ABC. 
Then by finding the true length of AB, 
BC and CA, they can form the true size 
and shape triangle ABC. The altitude 
from A to BC is the desired distance. 

To stimulate thinking, students can be 
required to express verbally the strategy 
and meaning of their solutions to deserip- 
tive geometry problems. Certainly there 
should be no “blank-check” solutions that 
somehow grind out the answer if followed 
by rote. Each problem can easily be a 
new puzzle, interesting in its challenge 
rather than just another required example 
of this method or that method. Unan- 
nounced and intermixed problems that are 
impossible, keep the men on their toes and 
really startle the “turn-the-erank” boys 
who find too late that a minute’s thought 
could have saved them the long struggle 
with a method that somehow didn’t seem 
to work on the problem. 


Realistic vs. Abstract Problems 


Although realistie problem situations 
are often desirable, abstract geometric 
problems offer more possibility for analy- 


sis and logical reasoning. The larger 
number of variations in abstract problems 
give greater experience in confronting 
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and solving unfamiliar problems. They 
also are an excellent medium for examin- 
ing the solution and breaking it down to 
an itemization of the assumptions and 
basic relations used. Engineering prob- 
lems are not truly solved until all basie 
simplifications and assumptions employed 
in the solution are recognized and their 
validity accepted. Experience in breaking 
down a solution into parts, evaluating and 
criticising those parts is an essential work- 
method listed by Professors Calvert, Har- 
tenberg and Shelley. Also, an abstract 
problem dealing with points, lines and 
planes has application in many problems, 
whereas a specific realistic problem must 
be generalized before it ean be applied 
in another ease. 

On the other hand, we and the students 
enjoy realistic problems. Realism that 
contributes to problem-solving ability is 
gained by the introduction of extraneous 
information in the statement of the prob- 
lem, the listing of conflicting or ineom- 
patable criteria for the solutions or the 
indication of a problem situation in which 
the student is to act as a consultant, i.e., he 
is not to solve the problem but list the 
advantages and disadvantages of as many 
alternate proposals as he can. Give a 
driveway problem on a wooded slope and 
limit it to a straight driveway for ease 
of snow plowing. Let there be one path 
for the drive where no trees would need 
to be removed, and state that along this 
path construction costs would be 15% 
less per foot than along any other. How- 
ever, arrange it so that the student finds 
that this treeless path is about 15% longer 
than the shortest possible driveway. The 
students can be asked to list related eri- 
teria and compare various of their own 
proposals. They probably will list main- 
tenance costs, snow removal costs, grade 
for slipperiness in icy weather, aecessabil- 
ity to town, convenience, visibility and 
safety of turn at the highway. Essen- 
tially the problem is a traditional one of a 
line perpendicular to another but these 
other considerations add interest and con- 
tribute to problem-solving ability. 
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There is the usual problem of a third 
pipe connecting two given skew pipes 
using 90° tees. Theoretically it is the 
problem of a line perpendicular to and 
intersecting each of two given lines. But 
add the information that the given two 
pipes cannot be removed except at great 
expense and trouble and ask how the 
third pipe can be installed with threaded 
connections without removing the given 
two pipes. At first the students may feel 
that there is no problem to it, and then 
after considering it, they may believe it 
impossible. Show them a standard union 
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(coupling) and something about how } 
works. Soon the students will he bys 
determining the order of steps, cutting. 
threading, tightening 90° tees, this pay; 
of the union and that, and they will solye 
a problem that never existed before 1 
their realization. 

All in all we can stimulate and enhanc 
problem-solving ability by orientating oy, 
emphasis in engineering drawing anid de- 
scriptive geometry for increased relation 
to later engineering courses and graphic 
procedures that are essential in all engi. 
neering work. 


In the News 


Compilation of the 7th edition of 
“Who’s Who in Engineering” has been in 
course for some time and the publishers 
report an exceptional interest and re- 
sponse on the part of the profession. 
This is attributed by the editor, Dr. W. S. 
Downs, in part to the service of the vol- 
ume in past editions, but largely to the 
supporting activity of the advisory com- 
mittee of Engineers Joint Council, the 
Societies, and the deans of faculties of 
the engineering colleges in recommending 
their eligible associates and graduates. 
Government agencies likewise have been 
helpful in listing key men for invitations 


to supply data, and individuals have rec- 
ommended engineers of accomplishment 
Indications point toward a high percent. 
age of qualified engineer coverage. 
There is still time for supplying new 
data or for revising records formerly 
printed. An intensive campaign to re- 
locate engineers whose former addresses 
are no longer serviceable is under way and 
any engineer previously listed who has not 
received a communication regarding his 
record is urgently requested to address 
the publishers, Lewis Historical Publish- 
ing Company, Inc., 265 West 14th Street, 
New York 11, N. Y., for such service. 





Undergraduate Training in the Use of Printed 
Materials in Engineering and Science* 


By MELVIN J. VOIGT 


Assistant Librarian, University of California + 


Engineers, educators and librarians are 

agreed that if our schools are to produce 
competent scientists and engineers the 
library must somehow become more effec- 
tive in undergraduate education in those 
fields. Various proposals have been made 
but a thorough analysis leads to the con- 
clusion that progress in this direction 
is dependent on utilizing the classroom 
.and teaching procedures themselves to 
give the instruction and experience es- 
sential to competent use of printed ma- 
terials. 

Librarians and educators have often 
discussed the question of the library’s re- 
lation to the engineering student. The 
common criticism always seems to have 
been that no matter how good the li- 
braries were, engineering students were 
not using them. Sometimes the blame 
was put on the student, sometimes on the 
faculty, sometimes on the library, and 
occasionally on the inherent nature of the 
engineering curriculum. While we hardly 
wish to encourage it, we must admit that 
engineering has and can be taught with- 
out a library. How well, is, of course, 
another question. Graduating engineers 
have been known to proclaim that in their 
four years they never entered their in- 
stitution’s library. This may be quite 
true, and it may also be possible that 
these same students graduated with high 
honors. Until a few years ago, at least, 
traditional teaching methods employed in 


* Based on a paper presented at the 59th 
Annual Meeting ASEE, Lansing, June, 1951. 

+ Formerly Librarian, Carnegie Institute 
of Technology. 


many engineering schools gave the student 
little need or incentive to use printed 
materials other than his textbook and 
possibly a handbook or two. 

One cannot help but wonder, however, 
how these graduates managed without 
this experience when they went into pro- 
fessional life. How many hours or months 
they spent solving problems by prescribed 
formulas and rules when these same prob- 
lems could have been answered in a few 
minutes by making use of someone else’s 
experience as reported in print. How 
many years of training it took to make 
up for this deficiency in their education. 

With the present emphasis on the social 
sciences in engineering edueation and a 
changing conception of teaching proce- 
dures, it is unlikely that a student can get 
very far in his educational training with- 
out using libraries and through this use, 
learning something of the value of printed 
materials and their contribution to a well- 
rounded education. 

There is, however, a distinet possibility 
in some schools and in some departments 
in others that the engineering student may 
yet come out with his engineering degree 
but with little or no experience in using 
printed materials in his own subject field. 
Consequently, he will have little realiza- 
tion of the importance of this material 
to his every day professional problems, 
and no ideas of where to turn to answer 
the questions which arise outside the 
realm of the formulas and rules which 
he expected would be infallible. 

It is the intention here to point out the 
importance of undergraduate training in 
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the use of printed materials in the stu- 
dents’ major subject fields and to discuss 
methods by which such training can be 
accomplished. 


New Educational Procedures 


Recently adopted educational proce- 
dures make the consideration of this prob- 
lem imperative. Engineering education is 
moving away from _ textbook-lecture- 
memorization patterns to methods leading 
to analysis of problems and their solu- 
tion on the basis of knowledge of funda- 
mentals and their broad applications. If 
printed materials and their use are ne- 
glected in engineering schools practicing 
an educational philosophy of this type, 
the student may be left weaker in his 
potential value as an engineer than when 
his stock in trade was a series of set 
patterns and formulae. I have attempted 
to indicate this in the following four 
points which illustrate the new factors 
in the educational philosophy as_ they 
affect the use of the librarian’s stock-in- 


trade, the printed page. 


(1) There is less emphasis on learning 
and using specific formulae and meth- 
ods; therefore, if the student is to work 
efficiently in school as well as in profes- 
sional life, he must be provided with the 
ability to find these formulae and methods 
in print, as well as with the ability to 
develop them for himself. 

(2) There is greater emphasis on ac- 
quiring the background and ability which 
will lead to modification of methods, 
formulae, materials and apparatus to fit 
altered situations; therefore, the student 
must be proficient in discovering the fac- 
tors which will best yield themselves to 
modification and the means which have 
or can be employed in their modification. 
(This is in contrast to the older concep- 
tion which depended entirely on the use 
of standard, or learned techniques. ) 

(3) There is greater emphasis on build- 
ing on the experience of others; therefore, 
the student must become efficient in find- 
ing as well as in making use of the re- 
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ports made by his predecessors jy +} 
field. 

(4) It is believed that the approach 
used leads to greater efficiency in reac). 
ing the solutions to problems, due ; 
clearer analysis of the factors inyolyed: 
therefore, it is possible to evaluate and 
make greater use of the short-cuts an 
partial solutions provided by the experi. 
ence of others in working through the 
increasing complexity of scientific cop. 
cepts and procedures. 


If these premises are correct, the | 
brary cannot be considered as something 
extra in engineering education, but must 
become an integral part of the teaching 
program. The adequacy of the collection 
and staff will be determined by the success 
or failure of individual courses and pro- 
grams as they are carried out with th 
educational and library purposes unified 
toward a common goal. 

How then can the student receive th 
training he needs in the four short vears 
of undergraduate education? In the first 
place these objectives are not entirely 
new. Even when not specifically eyx- 
pressed they have often been carried out, 
at least in part, in many engineering 
courses. 

Librarians and engineering educators 
will find on investigation that there is a 
good deal more training of this kind 
going on in their institutions than they 
realize. Such training is not being done 
in special classes on engineering literature 
or in orientation programs, but it is being 
done in many classrooms in many depart- 
ments. And experience indicates that 
only in this way ean it be done effectively. 
The librarian’s part, therefore, is not 
necessarily an active teaching part in 
such a program. More important on his 
part is his status of coordinator and, in 
some cases, activator. For while such 
training is being carried on, it remains 
scattered and in most cases uncorrelated. 

The librarian working with each de- 
partment can help plan and earry out 2 


program which will insure that every 
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student of that department becomes fa- 
miliar with all of the types of printed 
materials which are useful in his particu- 
lar field. In a four-year program he will 
then have covered the same ground he 
might have in a concentrated course. But 
by bringing this contact with the litera- 
ture directly into the classroom, the stu- 
dent learns directly of its usefulness. 
It is not something tagged on for his 
“eultural development” in which he takes, 
at best, a half-hearted interest. 

This problem of giving the engineering 
student the training and contact with the 
literature of his own field which he needs 
for success in and after his formal train- 
ing is primarily a problem of the upper- 
elassman. In the freshman, and probably 
in the sophomore year, the student is not 
ready for extensive contact with these 
materials. It would be difficult to relate 
them to his current studies, and he would 
not realize their importance. 


Early Familiarity with Library Materials 
Important 


However, it is important that the stu- 
dents become familiar with library ma- 
terials and their use before they reach 


uppereclass status. A knowledge of how 
to use ecard catalogs and reference tools, 
some understanding of bibliographic or- 
ganization is necessary on a general basis 
prior to specialized training if the latter 
is to be effective. Much has been written 
on methods of orienting freshmen in the 
use of the library, and many schools have 
worked out effective techniques which 
would be unsuitable in other situations. 
At Carnegie this phase of the training 
has been correlated with the English and 
history basic courses early in the fresh- 
man year. These and other humanistic 
and social studies courses which follow 
bring the student to the general library 
week after week, so that the knowledge 
and experience gained in this program is 
constantly and increasingly useful and 
serves well as an introduction to the more 
specialized library usage of upperclass 
years. 

Specifie methods of carrying out the 
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desired objectives relate primarily to a 
program of training the junior and sen- 
lor engineering student in the use of 
printed materials in his own subject field. 
Obviously more can be done in some 
departments than in others. It takes a 
will to do by the department as well as 
the library. Success in one department, 
however, furnishes live ammunition to 
use with others less enthusiastic. 

Usually the use of technical sources of 
information can be practiced to some de- 
gree in all departmental courses in con- 
nection with regular assignments. How- 
ever, the nature of the material often 
dictates that certain courses carry a 
larger part of such practice than others. 
Especially useful for this purpose are the 
so-called seminar courses used in many 
departments to give students experience 
in verbal expression. 

The librarian’s only direct contact with 
a training program may appear at this 
point. At an early meeting of such a 
seminar the librarian can profitably use 
one period to introduce and give basie 
instruction in the sources of technical 
information available (handbooks, text- 
books, and periodical literature). The use 
of the library catalog can be reviewed and 
bibliographic and abstracting and index- 
ing services needed to locate information 
needed in making seminar reports can 
be introduced. Throughout the seminar 
it is possible to make increasing use of 
library resources. Such a course which 
has as its primary purpose the training 
of the student in oral communication and 
the orderly organization and presentation 
of technical matter should make constant 
use of both older and newer literature of 
a serial nature, and is ideal for training 
in the use of abstracts and indexes, and 
for experience in utilizing periodical in- 
formation. Assignments can insure that 
the student progresses gradually from 
semi-popular periodicals to transactions 
of technical societies as sources for his 
seminar reports. 

Many departments make use of a 
senior thesis or problem One of the 
seminar talks may be based on plans for 
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this thesis, following a survey of the 
experience of other investigators as re- 
vealed by a literature survey. This may 
be followed toward the end of the year 
by a presentation of the results of the 
thesis and an interpretation of it in the 
light of previously published data or 
experience. 

The selection of material for the seminar 
talks and theses should be done in inter- 
views with a departmental advisor who 
can profitably give additional practical 
advice on methods of finding suitable 
material in the library. 

In departments in which seminars and 
senior problems are not a part of the 
curriculum the opening wedge may be 
more difficult to drive. However, it would 
be rare to find a department where some 
junior level course and its instructor 
would not be interested in providing the 
start needed. Subjects such as organic 
chemistry are perfectly adapted to such 
introductions. A recent final exam in 
one course began this way: 


**In what book, journal or other reference 
source would information on each of the 
following subjects most probably be _lo- 
eated? Give only one reference source for 
each subject; if you cite more than one 
source, only the first one named will be 
graded. Do not cite abstracting journals.’’ 


It is obvious that students in this course 
have had an introduction to scientific 
literature. 

A good example of a course well- 
adapted to these objectives has been a 
senior course in metallurgy which is 
planned to teach the student to solve 
engineering problems through the appli- 
cation of the basie science and engineer- 
ing learned in earlier courses together 
with engineering technology from printed 
sources. Teams of students divided as a 
“plant metallurgist,” “materials engi- 
neer,” “production manager,” ete. pre- 
sent two case studies during the semester. 
One study is on the selection of a ma- 
terial and one on the selection of a process 
for a product. Here library materials 
are combined with instruction and out- 
side aid in a combination common to in- 
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dustrial procedures. The library is ysqj 
to learn the nature and duties of th 
students’ particular assignment as well a; 
the properties of the materials, features 
of the process, ete. pertinent to his part 
in the engineering analysis and decision, 
This information is combined’ with tha; 
obtained from letters or interviews with 
men in industry and instructors and re. 
search personnel on the institution’s staff. 

This course presents an opportunity to 
introduce the student to a wide variety 
of printed source materials. The jn. 
structor constantly brings out new types 
of materials and points out their useful. 
ness for particular purposes. Among 
these are handbooks and treatises, both 
general and specific; trade catalogs, and 
data sheets; government specifications and 
reports; and reference works on stand- 
ards and testing. Periodicals, abstracts, 
and indexes are used in a variety of situ. 
ations leading the student to determine 
their varying usefulness for particular 
types of information. Because of their 


limited experience, the students must base 


their engineering decisions almost entirely 
on data and methods gleaned from printed 
sourees and applied in situations which 
are new to them. 

Make Course Practical 

To make the course as practical as 
possible, real cases are used to demon- 
strate the printed materials most useful 
in particular situations. The primary 
sources used by a metallurgical engineer 
in an automotive firm, those most im- 
portant to an engineer in the research and 
development division of a steel manufae- 
turing company, those used by a materials 
engineer in an electrical products firm, 
and finally those most useful to a metal- 
lurgical engineer in a large government 
arsenal are listed, discussed, and investi- 
gated. These sources were prepared with 
help of engineers actually in these various 
positions. 

In many courses it is possible to stress 
the importance of association with other 
engineers in technical societies. The tie 
between these personal associations and 
printed materials has often been over- 
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jooked by librarians and it is certainly 
one which needs to be understood and 
practiced by the engineer and scientist. 

I have deseribed briefly a few specific 
courses Which lend themselves most easily 
to the purposes of library identification 


with undergraduate teaching. Others 


must also be used to insure a complete 
coverage of printed sources of informa- 


tion. A few examples will be sufficient 
to show the type of problem which may 
be inserted at a variety of points in the 
eurriculum. 


(1) Students may be assigned problems 
for which complete data (eg., 
physical properties) are not given, 
and the student must find sources 
for the data and convert it to 
proper units. 

Students may be required to ob- 
tain production statistics and cur- 
rent price comparisons for common 
materials—metals, chemicals, ete. 
from unspecified library sources. 
Instructors may inform students 
that certain recent technological de- 
velopments will not be covered in 
lectures, but that the student must 
learn of these developments from 
current publications and will be 
held responsible for this informa- 
tion in quizzes. 
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(4) Principles of abstracting may be 
introduced by requiring students to 
write one-page abstracts of good, 
unspecified articles on particular 
subjects. 


It is hoped that this deseription of a 
few of the many possible procedures will 
give some indication of how the library 
may identify itself with engineering edu- 
cation. Often it is necessary to start in 
one department and it may be difficult 
to earry such a program to another. How- 
ever, if one department is found in 
which there is a real interest, a start can 
be made which will make possible gradual 
expansion to other departments. Experi- 
ence indicates that it takes a good many 
years to show much real progress in some 
departments. A program such as this 
eannot be started until the curricular 
program is put in step with the newer 
concepts of engineering education, and 
this in turn may depend on changes in 
leadership within the department. 

The rewards, however, are great, for 
a well-coordinated training plan, coupled 
with a good, active library collection, a 
well-trained staff and a well-planned li- 
brary will insure that engineering eduea- 
tion, graduate and undergraduate, has 
made the library an integral and essential 
part of the student’s preparation for a 
useful professional life. 





Communications—The Responsibility of 
Management and the Management 
Engineer” 


By ALEX W. RATHE 


Associate Professor of Management Engineering, New York University 


The Tower of Babel 


In the assignment of my topic, the 
Chairman has bracketed together three 
things: Communications, Management, 
and the Engineer. These three form a 
tripod; they have done so from time im- 
memorial. 

Already in the most revered of all rec- 
ords in the history of mankind, the Bible, 
there is a well-known account of the in- 
terdependence of these three. It is the 
tale of one of man’s first large-scale en- 
gineering projects, the construction of 
the Tower of Babel, whose top was meant 
by human foolhardiness to reach unto 
heaven. The undertaking was stopped 
cold when The Lord gave each man a dif- 
ferent language so that project manage- 
ment could not stem the chaos which re- 
sulted at once from the people’s in- 
ability to communicate. 

Since then and through all centuries, 
confusion and defeat has faithfully fol- 
lowed whenever communication has failed 
between persons. 


Communication in Human Life 


Building the lines of communication 
has traditionally been an _ engineering 
task. In the broadest sense of human 
relations, the shape of world affairs has 
been changed, often in near-revolutionary 


* Delivered before the 60th Annual Meet- 
ing of the American Society for Engineering 
Education, Dartmouth College, Hanover, New 
Hampshire, June 26, 1952. 


fashion, whenever progress is made in 
communications. 

World-shaking events were forecast in 
the developments which led from stage 
coaches to jet airliners, from carrier 
pigeons to facsimile transmission, or 
from the pictures which the Neanderthal 
Man drew on the walls of his cave to 
printed matter to radio to television. 

On the narrow seale of management, 
communication has been of similar, over- 
riding significance. This is so because 
management’s sole “raw material” is 
people. Whatever management does, it 
accomplishes through people. And _ the 
only way to energize, motivate or activat 
people, to spur them on or to hold them 
back, is by communication. 

Again, it was primarily the engineer 
to whom has fallen the task of providing 
these channels of communication. He has 
helped to furnish management with quite 
a number. Each and everyone of them 
shows the imprint of typical engineering 
thinking and approach. Together, they 
form the foundation, structure, and path- 
ways within which business, commerce, 
government, schools, and any _ other 
human pursuits are directed by their 
managements. Here is a brief glimpse at 
the vast variety of equipment in man- 
agement’s arsenal of communication. 


The Manager’s Communication Center 


The basis of all activity is provided by 
Company Policies. In them, the execu- 
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tives lay down general principles which 
will, under the prevailing circumstances, 
best guide operations to the desired ob- 
jective. Policies thus give a broad “fix” 
on the target, sound the keynote for 
everything that goes on. 

To mention one example: After de- 
termining that it would be most advan- 
tageous in its particular situation for 
Chevrolet to market its automobiles 
through exclusive agents, this principle 
was laid down as part of its sales policies 
which have since governed the distribu- 
tion of every ear produced by this Gen- 
eral Motors Division. 

Policies—for sales or any other type 
of work—must be reliable, unfailing, and 
unambiguous communications if they are 
to be suecessful in directing many and 
often widely scattered persons uniformly 
over a period of time. 

Another important contribution which 
the engineers have made to managerial 
communication is Organization. This 


phase of planning work designs the 
framework within which all operations 


are carried on. It determines what tasks 
have to be performed within the firm 
and distributes them over the personnel 
in the enterprise. 

Organization weaves a pattern of re- 
lationships between departments and 
groups, plants and offices. It is a man- 
agerial circuit diagram. Through it, we 
attempt to convey to everybody one and 
the same impression of what his job is 
so as to avoid uncertainty as to just 
exactly who is responsible for doing what. 
Time and again, major difficulties in 
organization have been caused by the 
problem of expressing this functional ar- 
rangement in clear, readily understand- 
able terms. 

Procedures are a third message carrier. 
They give operating instructions in de- 
tail. Just as procedures govern regis- 
tration and many other activities in Col- 
leges, so do purchase, payroll, inspection, 
engineering change, and innumerable ad- 
ditional procedures serve as transmission 
belts in industry and commerce. They 
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get data, information, facts, ideas, deci- 
sions, ete., from one quarter to the next. 

A collection of managerial communica- 
tion vehicles would further include Sta- 
tistics and Reports; Interviews; all Ree- 
ords; Orders and Instructions; Board 
Resolutions and Committee Minutes; ete.; 
in brief, every single expression—be it 
oral or written—from a two word “Go 
Ahead!” to a 300 page manual. What- 
ever their specific form, purpose or ap- 
pearance, managerial communications are 
the connecting link ‘between executive 
thought and operations. 

They link people, steer work, and cause 
every single move in the engineering 
drafting room as much as on the factory 
floor, in the sales show rooms, on ware- 
house platforms, in mine shafts, airport 
control towers, the Big Board in Wall 
Street, or the halls of Congress. Com- 
munications are the warp and woof of 
every fabric in any joint human endeavor. 

They are as potent within the confines 
of one firm in connecting its own people 
with one another as they are powerful in 
transmitting ideas beyond the factory 
plot to the folks outside. A manufac- 
turer’s Instruction Manual for the use or 
installation of his product, or Advertis- 
ing, and Publie Relations are examples 
of the many communications with which 
management attempts to span a bridge 
to its customers, to the community in 
which it is located, or to the entire nation. 


The Building Stone of Managerial 
Communication 


It is merely an outward recognition of 
the difficulties in communicating that just 
about every profession has developed a 
terminology of its own to take care of 
specific expressions more adequately. 
The seemingly hieroglyphic characters on 
a physician’s preseription are very plain 
to the initiated. The layman may be 
baffled by legal phraseology yet the law- 
yer finds it a boon to his work. 

That “deferred expenses” have actually 
been paid ahead of time is perfectly lucid 
to the accountant although perhaps a 
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trifle confusing to the outsider. And we 
engineers have gone further than most 
other groups by inventing an entire lan- 
guage of our own, that of engineering 
drawings. 

In contrast, management’s youthful- 
ness as a profession, has as yet pre- 
vented such developments. It just uses 
the language which is spoken around it 
—or at least it hopes it does. 

This is why all the various types of 
managerial communication have a very 
common building stone: words, every- 
day words. Good communications are as 
reliable as dial telephones; we reach the 
right party, automatically, if we dial the 
right number. The problem is to find 
the right word. And that is quite a 
problem. 

Even a very slight difference in words 
can cause a vast difference in their recep- 
tion. We could test this rather readily if 
we were to call a lady a “kitten” or a 
“eat,” a “vision” or a “sight.” 

But although we may choose the right 
words, we may use too many. That has 
been another frequent barrier to effective 
communication. The Gettysburg address 
took 266 words, the Ten Commandments 
297; but the new ruling of O.P.S. to 
reduce the price of cabbage required 
26,911. ; 

Much more bothersome is the vexing 
dilemma if the same word conveys a dif- 
ferent meaning to different people. “It is 
not necessarily true,” said Mr. Justice 
Holmes, “that the word ‘income’ means 
the same in the Constitution and in the 
Income Tax Act. A word is not a erys- 
tal, transparent and unchanged; it is the 
skin of a living thought; it may vary 
greatly in color and content according 
to the circumstances and the time in 
which it is used.” 

It goes back to this Supreme Court 
decision that we have to pay income tax 
today. This illustrates, if I may impose 
upon the generosity of your imagination, 
the significance of the meaning of one 
word, in different surroundings, in terms 
of many hundreds of billions of dollars. 


COMMUNICATIONS 


The same can be shown, though, jp 
terms which are more suited to our pro. 
fessional situation: A 12” television 
sereen was called “giant” just fifteen 
months ago; it could hardly command 
that designation today. As you know so 
well here in New England, Potato Gray, 
No. 1 is second because “U. S. Faney” 
comes first; Grade No. 2 is fourth be. 
cause “U. S. Commercial” stands between 
“one” and “two.” The newspaper which 
earries the words “Thursday—Morning 
Edition” on its masthead, came out at 
8:00 o’clock at night on Wednesday. 

It is then not just the words which 
count but the meaning which they have to 
the people who use them. I should say 
more distinctively, it is the 
which the recipient of a message reads in 
it that determines the effectiveness of 
the comunication. 

The problem in communications is 
therefore one of selecting the right words 
in terms of the receiver. We must make 
certain that our policies, organization, 
procedures, orders, and what not, carry 
to the addressee the meaning which we 
intend for him to find in them. 


meaning 


Alliance between Technical and 
Living Sciences 

And this task sends the engineer into 
realms in which he must obtain assistance 
from other quarters. It is still the tech- 
nical man who builds management’s com- 
munication network today. But when it 
comes to its use, the executive finds his 
management engineer deeply concerned 
with the knowledge of brother profes- 
sionals. 

It is primarily the task of effective 
communication that has brought the stu- 
dent, teacher, and practitioner of man- 
agement to the wells of information of 
Psychology, Sociology, Anthropology, 
Semantics, Philosophy, History, or other 
disciplines. What has already been 
achieved in the particular field of com- 
munication is perhaps most significantly 
indicated by the magnificent writings of 
Dr Norbert Wiener of M.I.T. on “Cy- 
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pernetics,” itself a composite of techni- 
eal and living sciences. 

Forward-looking management wants all 
pertinent experience applied judiciously 
to the solution of its problems. This 
poses & tremendous challenge for the 
Management Engineer whose ambition 
Dean Saville once described as “to find 
in the erucibles of business practice ever- 
growing opportunities to prove that he 
ean make a weighty contribution toward 
ever-greater utilization of natural as well 
as of human resources.” 

This means that we should use our 
engineering know-how to the limit but 
that we have to alloy it with the heart 
and feelings whose lack Gantt deplored 
more than 30 years ago. In communica- 
tion, as anywhere in management, it is 
the people that count. 
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That recognization has come to us in 
management in these crucial days—ern- 
cial for world peace but also erucial for 
the future of management—which are 
sometimes called the “Atomic Age.” It 
is perhaps more than a coincidence that 
it was the thinkers, pioneers, and prac- 
titioners of the Natural Sciences who 
found that the earth’s most powerful 
source of energy is released when Na- 
ture’s smallest building stone, the Atom, 
is set free. 

Equally unfathomable strength will be- 
come available when the Living and Na- 
tural Sciences team up in their service to 
Management. Joined together, they will 
unshackle, from bonds of wasteful prae- 
tices, degrading indignities, and distorted 
communications, the resources of Life’s 
most elemental building stone, Man. 


Sections and Branches 


The nineteenth annual meeting of the 
Southeastern Section of the ASEE was 
held at the Louisiana State University at 
Baton Rouge on February 26, 27 and 28th. 

The first day was devoted to a meet- 
ing of the Engineering College Research 
Council. On the following day, the meet- 
ing was addressed by W. R. Woolrich, 
President of the Society. L. E. Grinter 
gave a progress report on the activities of 
the Committee on Evaluation of Engineer- 
ing Education. A paper on the “Histori- 


cal Background of Engineering Studies” 
was presented by N. W. Dougherty. 
Other speakers included W. J. MeGlothin, 
who presented a paper on “The Progress 
and Promise of Regional Education in the 
South,” and H. H. Armsby, who gave a 
report on the engineering manpower situ- 
ation in the United States. 

The following officers were elected for 
the year: Chairman, J. R. Cudworth; 
Vice-Chairman, H. V. Flinsch; Secretary- 
Treasurer, L. E. Schoonmaker. 





Some Applications of General and Statistical 
Mathematics in Industrial Engineering * 


By W. GRANT IRESON 


Professor of Industrial Engineering, Stanford University 


1. Purpose of Paper 


The purpose or theme of this session 
was established by Everett Laitala in his 
original correspondence with the speakers 
on this program as being the need for 
critical study of the status of industrial 
engineering. The thinking behind this 
program is that industrial engineers have 
been relying upon qualitative analysis of 
problems when quantitative analysis is 
needed. There is also the underlying idea 
that greater use of mathematical tech- 
niques will elevate the status of industrial 
engineers within the professional family. 

This paper attempts to help clarify the 
part that mathematics now plays and can 
play in the industrial engineering pro- 
fession. It also attempts to establish 
some areas in which quantitative measures 
may be found and used in the problems 
of the profession. 

Dr. John M. Clark of Columbia Uni- 
versity, has captured the essence of these 
questions in two of his verses, known as 
“KBs”: 

When firms grow big with many parts 

They learn communication arts, 


And bosses, to avoid distraction, 
Have formulas to guide their action. 


If business seeks its greatest gain, 
Can mathematics make things plain 
When peering through the misty curtain 
At prospects that remain uncertain? 


*Paper presented before the Industrial 
Engineering Division, ASEE, at Dartmouth 
College, June 25, 1952. 


2. What is Industrial Engineering? 


No definition of industrial engineering 
has been written that satisfies a majority 
of those engaged in what is loosely called 
industrial engineering work. It is there. 
fore necessary to clarify the meaning | 
the term as it will be used in this paper 
I have chosen to define industrial engi- 
neering in two ways: first, in terms ot 
special skills and techniques, which | 
believe is the common meaning, and see- 
ond, in terms of funetions of a higher 
order, which is the way I think we should 
define the bounds of the profession. 

Definition by means of special skills 
and techniques indicates that a person is 
an industrial engineer if he practices in 
one or more of such fields as: 


. Motion study 
. Time study 
. Production planning 
. Materials handling 
. Plant layout 
. Cost accounting and budgeting 
. Quality control 
8. Estimating 
. Engineering economy 
10. Job evaluation and merit rating 


These are jobs which ean be learned 
in ordinary trade schools or on the job 
in the industrial plant, and ean be per- 
formed with some success without broad, 
general engineering training. 

Industrial engineering as defined by 
functions of a higher order involve such 
activities as: 


1. Industrial and production manage- 
ment; 
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2, Various control functions involving 
analytical ability ; 

_ Plant and production engineering, 
including the direction of specialized 
work of other branches of engineer- 
ing ang involving broad engineering 
knowledge; 

4, Long-range policy planning; 

. Research and development of new 
techniques that can be simplified for 
use at the skills level. 


It is obvious that such functions of the 
higher order require broad, yet intensive 
training in the whole range of basic en- 
gineering subjects, including mathematies, 
plus analytical training in the specialized 
skills of industrial enginering activity. 


3. The Problems Encountered Are of Two 
Corresponding Levels 


The problems of industrial engineer- 
ing represent two very different levels 
of mathematical accomplishment. The 


mathematies employed in the quantita- 
tive solution of problems in the special- 


ized skills and techniques seldom involve 
anything more complicated than arith- 
metic, algebra, geometry, elementary 
calculus and statistics. The methods of 
solution at this level are generally pre- 
scribed by the practices of the employer 
and stress the numerical solution without 
questioning the soundness of the method. 
Accomplishment of routine daily tasks 
is the prineipal objective, which allows 
little or no opportunity for creative ef- 
fort or the development of new tech- 
niques. The emphasis is upon following 
procedures and understanding the rela- 
tionships of the divisions of an organi- 
zation. 

Secondary consideration is given to the 
solution of problems in related fields of 
engineering. Since the practicing indus- 
trial engineer must work with mechani- 
eal, electrical, and chemical engineers, he 
should be able at least to understand the 
numerical solution of problems in these 
areas. We have recognized this need by 
requiring industrial engineering students 
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to take courses in the fields of thermo- 
dynamics, machine design, electrical en- 
gineering, electronics, ete. 

Some of the common problems encoun- 
tered by the industrial engineer at this 
level may be enumerated: 


1. Setting time standards from time 
study—involving arithmetie and, in 
some cases, simple algebra; 

. Caleulating economic lot sizes for 
production—involving the first de- 
rivative of a simple equation of total 
unit cost; 

. Establishing natural variation lim- 
its for a quality characteristic from 
a controlled proecess—involving a 
simple statistical technique and ordi- 
nary arithmetic; 

. Designing machine elements, con- 
veyors, power systems, or simple 
trusses—involving, at the most, in- 
tegral calculus. 


You can see that these problems, which 
are the most difficult of the common in- 
dustrial engineering problems of this level 
of activity will not tax the mathematical 
knowledge of any third year university 
student. In most cases formulas are em- 
ployed so that a person can obtain the 
numerical solution without even under- 
standing why he is using that particular 
formula. This is one of the reasons why 
we, as industrial engineers, have been sub- 
jected to considerable eriticism. For 
numerous reasons both other engineers 
and businessmen hold on to the idea that 
this is the limit of the industrial engi- 
neering profession. I propose that this 
is no more representative of industrial 
engineering than work on the detail draft- 
ing board is representative of the me- 
chanical engineering profession. These 
activities merely provide the training pe- 
riod for young industrial engineers who 
should be reaching for something higher. 
I think that it is safe to state that one 
who continues at this level for a life- 
time is not a professional industrial en- 
gineer but a technician. 
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4. The Second Level is the Goal 


Industrial engineering should be meas- 
ured by the second level of accomplish- 
ment. Here mathematics becomes consid- 
erably more important and presents a real 
challenge to any of our current engineers. 
Differential equations, probability theory, 
statistics, statistical inference and the 
games theory are essential to the nu- 
merical solution of these problems. 

The nature of industrial engineering 
problems of this level is unique in sev- 
eral respects. The typical problem re- 
quires the choice of one of a number of 
alternatives under these special condi- 
tions: 


a. Information is incomplete and can- 
not be correctly or completely ascer- 
tained in a reasonable time or at a 
reasonable cost; 

. Considerable risk is involved with 
serious consequences resulting from 
an improper choice; 

e. More than two parties are interested 
in the solution; 

d. The outcome of the problem is likely 
to be affected by strategy and bluf- 
fing; 

e. The solution should be quantitative; 
qualitative solutions are generally 
not acceptable and are little better 
than guesses. 


It seems obvious from this analysis that 
the nature of the problems dictates the 
use of probability theory and games 
theory as the basis for solutions, with 
advanced calculus, differential equations 
and matrix algebra being employed in the 
derivation and development of suitable 
equations. 

Operations Research, or its counterpart, 
Industrial Research employing the same 
methods, will play a large part in the 
development of concepts of industrial en- 
gineering. Morse and Kimball have de- 
fined operations research as “a scientific 
method of providing executive depart- 
ments with a quantitative basis for de- 
cisions regarding the operations under 
their control.” The authors stress the 


fact that the operations analyst does yo; 
make the decisions; he is free of thy: 
responsibility so that he can look at the 
problem objectively and merely determing 
the prospective results of the varioys 
courses of action. We generglly think of 
this method as being a highly mathemati. 
cal one, but the truth is that some of thy 
most spectacular results were obtained jy 
the military application of these tech. 
niques without the use of a single equa 
tion. The operations analyst has two 
principal problems: first, he must deter. 
mine what is the real problem for which 
a solution must be sought; second, he 
must find the pertinent data on which ki 
ean plan his attack on the problem. In 
military practice the analyst had one 
great advantage which is not usually 
present in industrial operations: he had 
no other duties and could devote as much 
time as necessary to thought and analysis 
of the problem. This is an important 
factor to be observed as far as possible 
in industrial applications. 

Operations Research methods can be 
employed to find the problems requiring 
solutions and to evaluate the results of 
the various alternatives. Our old stand- 
by, engineering economy, ean and vill 
play an important role in this matter. 

In operations research it was fre- 
quently possible to design experiments 
which would provide the necessary data 
in the shortest possible time and with the 
smallest possible number of experiments. 
In other cases, the urgency of the situa- 
tion made an approximate solution based 
upon incomplete and inadequate data 
more valuable than an exact solution at 
some later date. In still other 
sufficient data were available at the time 
the problem was recognized and defined 
to permit a rapid solution. It seems 
probable that these three conditions will 
be encountered in industrial engineering 
problems. Furthermore, just as in oper- 
ations research, it will occasionally occur 
that no controlled experiments can be run 
because the actions of the other person or 
concern may vary from time to time 


cases 
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without the fact or the extent of the 
variation being known. 

War time experience indicated that al- 
most any research scientist who had be- 
come disciplined to think clearly, analyze 
thoroughly, seek underlying principles 
and get down to the fundamentals of a 
question could be successful in operations 
research. High level members of the Op- 
erations Research teams have stated that 
scientific training in any of the disciplines 
was sufficient, and indicated that it is 
doubtful if persons can be trained spe- 
cifically in operations research methods 
in colleges. This would lead us to believe 
that sound training in the subjects enu- 
merated at the beginning of this section 
would be about the best mathematical 
training that we can give the prospective 
industrial engineers for this phase of the 
work. 

On the other hand, it is possible to 
give direct training in the theory of games, 
which, to me, appears to be the most im- 
portant mathematical tool for future in- 
dustrial engineers. There are some ex- 
cellent published works on both the theory 
of games and its application to economies 
and industrial situations. The nature of 
the higher level problems, as described 
earlier, is complicated by the fact that 
the industrial engineer is attempting to 
make decisions regarding events that will 
occur in the future, and furthermore, the 
results will be influenced not only by this 
decision but by actions of competitors, 
legislative bodies, unions, and even the 
customers of any concern. The shrewd 
analyst can attempt to associate the pos- 
sible actions with some probability of 
occurrence and formulate an equation by 
which he can obtain the maximum gain. 
Each event in the development of a situa- 
tion ean be treated as a variable which 
will deseribe the actions of the partici- 
pants. In addition, coalitions of partici- 
pants involved may develop and strategy 
will be employed by participants or coali- 
tions of participants to gain their point 
in the problem. 

As an illustration of a recent occurrence 
that fits into this presentation we may 


use the steel wage dispute. I have become 
very interested in trying to analyze the 
actions and counter-actions of the partici- 
pants in the steel wage dispute in terms 
of the games theory. There were more 
participants in that “game” than might 
at first be realized. Of course the two 
original participants were the steel com- 
panies and the union. Very quickly the 
federal government came into the game 
as a paricipant through the imposition of 
price and wage controls. When the Presi- 
dent’s Wage Stabilization Board recom- 
mended a wage settlement figure the 
Government actually became two partici- 
pants with one branch forming a coalition 
with the union. The public was a some- 
what silent participant all of the time, 
but did not actually appear in the “game” 
until the court proceedings started. At 
the time of this writing the dispute has 
not been settled, but it is not difficult to 
apply some rough probabilities to the 
possible events that can occur and deter- 
mine the approximate course of events. 
Without a doubt, the industrial engineers 
and managers of the steel companies could 
have set up this problem as a theory of 
games problem with five participants and 
of the “non-zero-sum” type.” I feel quite 
sure that with the information available 
to the companies the “moves” could have 
been planned well in advance of the actual 
events, with the probable outcome fairly 
well predicted. 

Some more frequent industrial prob- 
lems which are subject to this type of 
solution are: 


A. Allocation of materials, labor and 
productive capacity to the several 
products of the concern in periods 
of scarcity. 


Any of you who have been follow- 
ing the electrical appliance industry 
in recent months will appreciate the 
magnitude of this problem. The 
effects of economic pressures on the 
consuming public, the saturation of 
the market for some types of ap- 
pliances, and the limitation on the 
use of material and labor have 
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caused many companies to search 
for the proper balance of radios, 
television sets, ranges, refrigerators, 
laundry equipment and home freez- 
ers, in order to maximize profits. 
The results obtained by each com- 
pany will be affected by the actions 
of all of the competitors, credit re- 
strictions, promotional programs 
and the availability of the various 
products. 


Along this line, one of the amazing 
current conditions in America is the 
shortage of Cadillacs. 


. Rate of manufacture by periods or 
seasons relative to probable sales. 


All of us understand the desirability 
of stabilized production and regular 
employment, but few companies 
have attempted to solve the problem 
except by the most simple means. 
I believe that operations research 
and games theory will provide a 
more realistic quantitative solution. 


. Establishing order-points, maximum 
inventory and purchase quantities 
for minimum total cost. 


Our economic lot-size formulas have 
attempted to solve the purchase or 
manufacture quantities part of the 
problem, but the order points and 
maximum inventory points have 
largely been set by guess. 


D. Planning a capital investment pro- 
gram for industrial expansion. 


The advisability of long-term com- 
mitments of capital funds depends 
upon a large number of factors, 
many of which ean only be pre- 
dicted and over which the company 
has no control. Success or failure 
is likely to hinge on how these fu- 
ture conditions are considered in 
arriving at the capital expenditure 
budget. 


. Decisions regarding incentive wages 
and/or profit-sharing programs. 


This is a very good problem for thj: 
method of attack since the partic. 
pants in the “games” ean readily 
be identified and the interests ang. 
lyzed. This is the sort of probley 
in which it is possible for all par. 
ticipants to “win,” but the company 
assumes most of the risks in order 
to obtain certain advantages over 
its competitors. 


. The development of new technique: 
which can be applied by the tech- 
nicians in the plant. 


The development of statistical qual- 
ity control and acceptance sampling 
are examples of how relatively sim- 
ple techniques have been developed 
from very advanced mathematica! 
concepts. 


These problems are being solved by 
methods that rely more upon guesses, 
hunches, and the art of management 
which comes from experience than by 
scientific methods. We should be giving 
more thought to ways of expressing these 
problems in the form of equations which 
will reduce the risk of improper decisions. 


5. What Shall be the Objective of th: 
Mathematical Training of Industrial 
Engineers? 


The technical problems of the lower 
level are fairly well covered in our ac- 
credited curricula within the framework 
of currently accepted methods. Progress 
is being made by many men who are ex- 
amining these methods critically and de- 
signing new and more acceptable pro- 
cedures. However, we can anticipate 
rather slow adoption of improved meth- 
ods for its means retraining a vast num- 
ber of practicing industrial engineers, 
but we can contribute to the adoption of 
improved methods by introducing our 
students to these methods while they are 
in school. 

The problems of the higher order of 
industrial engineering will require addi- 
tional consideration. Very few of us are 
currently prepared to handle them and 
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only by becoming aware of the applica- 
t ons of higher mathematics to these prob- 
lems and learning about them ourselves 
ean we hope to improve the situation. In 
the meantime we will have to struggle 
along as best we can, making good use 
of the few consultants, mathematicians, 
and statisticians who are prepared to give 
aid in the solution of these problems. 
Our aim should be to develop over the 
next ten to fifteen years a new concept of 
industrial engineering and begin prepar- 
ing our students to take their places in 
the larger field by improving the mathe- 
matical program within our curricula. 


6. Conclusions 


In conclusion it seems obvious that the 
professional status of industrial engi- 
neering demands these things: (1) We 
must develop the mathematical concepts 
of industrial engineering; (2) We must 
train and develop competent persons in 
the profession; and (3) We must admit 
that we have not been as objective in the 
past as we might have been and deter- 
mine to learn to use all of the tools avail- 
able to overcome the adverse and un- 
justified criticism that has been leveled 
at us. 


Je 


We cannot simply say, “Yesterday we 
were pseudo engineers, but today we are 
going to use higher mathematies and be 
truly scientifi¢.” We are dealing in a 
large part with human nature and hu- 
man nature cannot be reduced to a few 
simple formulas. We must develop our 
over the very much as 
have been de- 


science years, 
mechanics or electronics 
veloped. By making use of mathematical 
tools to analyze industrial engineering 
problems we can help remove the guess- 
work of industrial management and really 
approach that aimed-for goal, scientific 
management. If we do make proper use 
of these mathematical tools I do not 
think we will find ourselves in the situa- 
tion described by Dr. Clark in another of 
ie “Eka” 


To put the caleulation 
risk?’ 

Write unknown future quantities as terms 
in an equation 

With estimated average and range of devia- 
tion ; 

Feed into an ‘‘electric brain’’ and turn the 
proper dise, 

And if the fates are not unkind in times of 
strains and stresses, 

You may score a trifle better than the man 
who simply guesses. 


into ‘‘ealeulated 
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Stronger Engineering Graduates" 


By GILBERT E. DOAN 
Research Department, Koppers Company, Inc., Pittsburgh, Pa. 


It is well recognized that after the four- 
year round of courses with specialists at 
college whatever life philosophy the stu- 
dent may have brought from his home has 
lost its unity. The resulting disunity of 
thinking leads to disunity and confusion 
of spirit. This confusion results in weak 
and uncertain graduates where strong 
adaptable leaders are needed. His ideals 
and convictions should be shaken basically 
by the specialists. But before he leaves 
college some aid should be given him to 
re-form at least a tentative life philosophy 
based on reason and justice. Most men 
should leave our colleges with a clear and 
worthy view of life. 

The German professors were the world’s 
best specialists, but they turned a deaf ear 
to the student’s professional, civic, social, 
and ethical problems. As a result, these 
students, denied guidance by their natural 
leaders, followed eagerly a man who of- 
fered them definite answers and positive 
guidance. His name was Hitler and he led 
his country to ruin. 

Specialization and research must remain 
and grow both in science and in the hu- 
manities. But we must also turn out con- 
sciously integrated graduates dedicated to 
a life of justice, reason, mercy and truth. 
This is our heritage from the English uni- 
versities. ' This integration should be the 
culminating phase of a man’s education. 
It is the creative answer to subversion of 
all kinds. 


* Reprinted from Mechanical Engineering 
for November 1952, pages 877 and 908, with 
its permission and that of the author. 

1 At the time this paper was written the 
author was professor of Metallurgy at 
Lehigh University, Bethlehem, Pa. 


A Selution 


The first step necessary for most stu. 
dents is to bring their scattered and frag. 
mentary “courses” of study together into 
a focus. The student’s own problems pro- 
vide a suitable focus—war, communism, 
the welfare state, and labor With just a 
little encouragement he can see the need 
for working out a rational life view to face 
the world intelligently. The specialists 
who have taught him the _ individual 
courses pay little or no attention to this 
need 

We have provided good intellectual fare 
in science and the humanities, taught by 
competent specialists. Then we _ have 
turned our attention to extracurricular ac- 
tivities including athletic and social life, 
hoping the boy would make his own syn- 
thesis. Thus, the final step of the intellec- 
tual program has been omitted. We have 
overlooked the influence of the Oxford 
tutorial in aiding young men to evolve a 
rational life view. 

This synthesis must be encouraged in 
small discussion groups, or in individual 
tutorial hours as has been the practice at 
Oxford for so many years. Indoctrina- 
tion, of course, must be despised as abuse 
of students and ultimately ineffective any- 
way. A friendly atmosphere must pre- 
vail. Opposing viewpoints must be repre- 
sented clearly. The students must be per- 
mitted to choose the topics of discussion, 
and the world must be looked at through 
their eyes. Of course, no teacher feels 
that he is fully competent to meet this 
demand (neither are the Oxford dons) but 
we must satisfy this hunger in students for 
a rational outlook with what we have to 
give them and not send them away empty 
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: been accepted as justified. 
_ is an accomplishment. ) 


| course are enthusiastic about it 
elected the sequel for the next semester. 
| Several remarked that this course should 
_ be required, not only for all engineering 
_ students but for all college students. 


a a a | 
' ' ‘ ' 
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| simply because we are not “experts” in 
the field. 


Results of an Experiment 


After conducting a discussion of this 


| kind once a week with a group of seniors 
' in metallurgical engineering who elected 
' this course last year, I have read their 


term papers. The papers showed the fol- 


' lowing features: 


1. Each student is consciously con- 


' structing his own philosophy which he 
» knows will change as he matures. 


2. The philosophies are rudimentary 
and even shallow in spots, but a vision has 


* been caught of what a rational life view 
| means. 


3. Not a single man felt he had been 


' subjected to indoctrination but rather that 
| he had been warned against it. Considera- 


ble diversity of views prevailed on any 


given topie. 


4. Religion enters these philosophies 
only as a general background and in most 


_ of the papers is not mentioned. 


5. A sense of social responsibility has 
(This alone 


6. The eight students who elected the 
All have 


7. Several books by broad thinkers have 


' been read by each man from the list: 
_ Eddington’s 


“Nature of the Physical 
World,” Sinnott’s “Cell and Psyche,” 
Lynd’s “Middletown,” Lilienthal’s “This 
I Do Believe,” Montagu’s “On Being Hu- 


man,” Polanyi’s “Science, Faith, and So- 


ciety”; articles such as those on labor in 
Fortune Magazine and others have been 
read and discussed, thus opening new 
doors for the student. 

8. The material learned in other courses 
such as science, economics, government, 
history, polities, international relations, 
philosophy, and biology have been related 
to the outlook of an engineer as he enters 
his profession in society, or at least he has 


seen in numerous instances that these 
fragments of knowledge can be related in 
one man’s mind and should be related in 
his own. 

9. Specifie positions (admittedly tempo- 
rary) have been taken with respect to the 
student’s problems; the welfare state, pri- 
vate enterprise, communism, war, career 
ambitions, labor, and personal responsi- 
bility. 

10. Highly developed technical philoso- 
phies have not been stated by the students 
nor taught; but each man has caught a 
vision of a rational outlook to which the 
fragments of life and learning ean be re- 
lated. One student remarks that most 
people never seem to reach a rational phi- 
losophy in an entire lifetime, and he is 
glad that he has at least made a start. 

1l. These students have become per- 
sonally acquainted with the solutions, at- 
titudes, and interests of at least one of 
their teachers, and one who has taken the 
trouble to show them clearly the directly 
opposite view to his own, thus breaking 
down at one point at least the barrier 
erected by the mass-production system of 
education between professor and student, 
as well as the barrier between youth and 
maturity. 

12. The students feel strongly that the 
conferences should begin earlier than the 
senior year. 


Next semester there will be guest lead- 
ers of the diseussions—eminent men in 
politics, science, labor, and management 
of industry, thus bridging the gap between 
eampus and community, between books 
and life as Sir Walter Moberly does at 
St. Catherine’s. We call them “profes- 
sional-development conferences” because 
they bring both science and the humani- 
ties into a professional focus. 

Industrial interviewers who come to hire 
seniors are already remarking that this 
group seems to show a maturity of outlook 
and judgment greater than usually found 
among seniors. 

It cannot be claimed that such confer- 
ences infallibly will insure that all stu- 
dents will build a rational life view based 
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on justice and reason, but for our Amer- 
ican educational system it at least makes 
that achievement possible. These confer- 
ences also stimulate self-education a much- 
needed step. Our present-day emphasis 
on specialization makes a step in this 
direction necessary. 


Urgency of the Case 


Belief in justice, reason, and truth are 
the only foundations for these philoso- 
phies. Once we of the western democ- 
racies suspect that justice and reason are 
the out-of-date ideologies of a bourgeois 
age, mere screens for selfish interests hid- 
ing behind them and, indeed, sources of 
confusion and weakness to anyone who 
would trust in them, democracy is through. 

The communists teach that the only real 
forees in life are economic interests, 
power, and subconscious desire. Justice 
is nothing but the will of one section; and 
there can be nothing higher than the long- 
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ing for materials benefits—so that to talk 
about higher missions is just foolishness 
or deceit. As Professor Polanyi ? points 
out, a generation has grown up full of 
moral fire and yet despising reason and 
justice. Hatred and class war thus be- 
come the means of liberating men from 
the delusions of truth and compassion, 
The Russian youth disbelieves in public 
morality in the way we disbelieve in witch. 
craft. It is not that he has never heard of 
it, but that he thinks he has valid grounds 
to assert that such a thing cannot exist, 
If you tell him the contrary, he will think 
you peculiarly old-fashioned, or simply 
dishonest. 

For educators the problem is simple: 
How ean young men be aided in building 
a rational life view based on justice and 
truth? The professional-deyelopment 
conference is one method that works. 


2““The Logie of Liberty’’ U. of Chicago 
Press 1951. M. Polanyi, F.R.S. 


Sections and Branches 


The National Capital Area Section held 
its Winter Meeting February 3, 1953 at the 
University of Maryland. President Wool- 
rich introduced the members of the ASEE 
Executive Board which had met at the 
University that day. He discussed some 
of the problems for which the Board is 
striving for solutions, e.g., the tendency of 
young engineers to join unions. 

The meeting’s subject was “How can 
employers get needed engineering work 
done in the face of long continuing short 
supply of engineers? How should engi- 
neering schools assist?” This was dis- 
cussed: For government by Dr. Allen V. 
Astin, National Bureau of Standards; For 


industry by Mr. Donald S. Bridgeman, 
A. T. & T. Co.; For engineering education 
by Dean Martin A. Mason, George Wash- 
ington University. Several means of at- 
tacking the problem were suggested by the 
speakers and in the lively discussion fol- 
lowing: Use technicians for routine engi- 
neering work; Hire more technical in- 
stitute graduates; Improve capability of 
technicians and engineers by in-service 
educational training using engineering 
schools to aid; Employ technicians and 
engineers for capability rather than edu- 
cation alone; Improve competency of 
supervisors; Improve management and 
administration. 





Integration of Chemical Engineering 
Fundamentals 


By J. M. SMITH 


Professor of Chemical Engineering, Purdue University 


Probably early in the career of every 
teacher of upper level courses in chemical 
engineering, an experience has occurred 
impressing him with the inability of the 
average student to make proper use of 
his earlier training. In undergraduate 
courses in thermodynamics, it is not un- 
usual to find at least one student each 
semester that is unable to utilize enough 
of his training in calculus to integrate 
C,aT/T for entropy calculations. The 
usual answer given when the student is 
questioned about such lack of mathemati- 
eal technique is “Oh we studied that in 
Math 4,” implying that it was not quite 
sportsmanlike to expect him to bring to 
bear material from an earlier course upon 
eurrent problems. 

I should like to examine the thesis that 
the failure to integrate principles from 
separate courses is not entirely the fault 
of the student. Enginering education is 
continually associated with the process of 
analysis, particularly throughout the un- 
dergraduate curriculum. The student is 
taught to break down a complex problem 
into its component parts, the solution of 
each of which may be simple. This ana- 
lytical approach is of great value and 
must be a foundation stone in the build- 
ing of an engineering education. How- 
ever, by implication it leaves the im- 
pression that there is not a real need to 
be able to integrate diverse principles and 
concepts in a successful attack on certain 
types of problems. Unfortunately, the 
mechanics of ending a course with a final 
examination and receiving a final grade 
may also suggest to the student that he 


too is finished with the subject material 
of the course and will have no further use 
for it. 

A number of proposals for avoiding this 
pitfall in engineering education have been 
proposed in the past, and it is not the 
intent here to suggest a new or original 
solution. Instead the objective is a de- 
scription of the measures that have been 
used in chemical engineering at Purdue. 

Chemical engineering is a sufficiently 
narrow field that a thorough understand- 
ing of but a few basie principles is suffi- 
cient to make a satisfactory attack on 
most problems in the field. This fortu- 
nate state of affairs offers a means for 
integrating the various courses in the 
usual chemical engineering curriculum. 
This plan, stated simply, is to broaden 
the scope of the problems given in one or 
more of the senior courses so as to require 
the application of a number of the prin- 
ciples. In this way the student is obli- 
gated to recall and utilize previous and 
concurrent subject materials. Such train- 
ing through work with repeated problems 
of this type prepares the embryo engi- 
neer admirably for his career in industry. 
The problems encountered there are likely 
to be so varied and complicated that un- 
less he develops the habit of attacking 
them from the point of view of the funda- 
mentals his chances for success are lim- 
ited. If he is required to utilize this 
philosophy while still in the university, 
he is off to a head start, for it has be- 
come habitual for him to analyze a prob- 
lem in terms of basic concepts. 
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Principles of Chemical Engineering 


The five principles which the chemical 
engineer uses in his analysis of prob- 
lems in unit operations and chemical 
processes have been recently well stated 
and discussed by Kirkbride (1). These 
may be expressed as 1), the con- 
servation of mass, 2), the conservation 
of energy (first law of thermodynamics, 
3), the laws of equilibrium (second law 
of thermodynamics), 4), principles of 
rate processes, including rate of mass 
tiansfer, energy transfer and chemical 
reaction, and 5), the principle of eco- 
nomic balance. 

It is not important which courses in 
the chemical engineering curricula are 
used as the integrating ground. At Pur- 
due unit processes and unit operations 
are given in the junior year so that the 
senior thermodynamics course is em- 
ployed for this purpose. At the gradu- 
ate level applied kinetics and reactor de- 
sign serve as the integrating area, because 
they offer the oportunity of using nearly 
all the principles in comparatively short 
problems. 


Applications 


In order to illustrate the type of prob- 
lems which have been used, two examples 
will be given from the undergraduate 
thermodynamics course. In the study of 
phase equilibrium it is desirable to refer 
to the use of phase equilibrium constants 
in evaluating the composition of multi- 
component gas and liquid phases in 
equilibrium. Rather than offer examples 
involving dewpoint and bubble point 
calculations, the problem of determining 
the composition and extent of the gas 
and liquid phases in partial condensation 
or vaporization is presented to the class. 
In order to obtain a practical background 
the operation of a partial condenser in a 
distillation unit may be employed. In the 
solution the necessity of combining prin- 
ciples 1), in the form of a material bal- 
ance for each component, and 3), as a 
phase equilibrium equation, is clearly 
brought out. 
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As a more complex case, the probler, 
of determining the final composition, te, 
perature, and pressure after a constay 
volume combustion is frequently given 
The internal combustion engine can }y 
used advantageously to give the problen, 
practical support. Conditions are chose, 
such that combustion is not complete by: 
equilibrium is reached quickly, so that the 
principles of chemical reaction equilibriy 
are applicable. When the conditions fo: 
heat transfer to the cylinder jacket ani 
the initial temperature, pressure, and fuel 
composition are specified the problem i; 
fixed. The necessity of a trial and error 
solution quickly leads the student to the 
conclusion that he must combine (1), the 
principles of conservation of mass in 
order to express the stoichiometry of the 
reactions in terms of the minimum nun- 
ber of variables, (3), the principle ot 
chemical reaction equilibrium in order 
to relate the equilibrium composition, ani 
(2), an energy balance, and (4), a heat 
transfer expression in order to relate the 
temperature to the equilibrium compo. 
sition. This example offers, in a short 
problem that ean be worked out to 3 
numerical solution in an hour or two, « 
means of illustrating the simultaneous ap- 
plication of the four technical principles 
in chemical engineering. The calculations 
are not particularly involved or tedious 
so that the student does not become or- 
eupied with numerical computations to 
the point of missing the fundamental con- 
cepts. 

There are an unlimited number of ex- 
amples as good or better than the two 
described. In a course in unit operations 
the design of heat exchangers for high 
gas flow rates can be used to show the 
necessity of combining a basic energ) 
balance, which includes kinetie energy) 
changes, as well as the usual heat transfer 
relationships. The subject of heat ex- 
changer design serves admirably as 4 
medium to bring out the application ot 
the principle of the economic balance, 
along with rate and energy equations. 
The design of flow reactors in the general 
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ease of non-adiabatic, non-isothermal op- 
eration provides a vehicle for illustrating 
all the fundamental principles. Mass 
balances are necessary in treating the 
stoichiometry of the reaction or reactions. 
Energy balances serve to relate the tem- 
perature to position in the reactor (and 
the pressure also, if the pressure drop 
through the reactor is significant). Equi- 
librium relationships will be required if 
the chemical reactions are reversible. 
Three forms of rate expressions are 
needed for the solution: rate of chemical 
reaction, rate of heat transfer radially, 
and rate of mass transfer radially in the 
reactor. Finally, the optimum design 
solution will depend upon the cost of raw 
materials, cost of equipment, and operat- 
ing expense, and, therefore, requires an 
economic balance. 


Plant Design Course as an 
Integrating Tool 


In some respects the usual plant de- 
sign course in the senior year serves to 


correlate the separate subjects in the 


chemical engineering curriculum. Per- 
haps the most common procedure is to as- 
sign the student section a complete design 
for one or two different plants. This ap- 
proach ean be of considerable value in 
accomplishing the objective proposed 
here, provided emphasis is given to bring- 
ing together the principles studied in 
separate, previous courses. For example, 
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division of the class into small groups 
each of which is given one phase of the 
plant design would not be expected to 
accomplish the desired result. Despite 
the usefulness of the design course, it is 
believed that the opportunities for inte- 
grating the principles of chemical engi- 
neering that exist in the other courses 
should not be neglected. Thus in thermo- 
dynamics 20-30 problems may he as- 
signed each semester. If half of these 
involve the simultaneous application of 
two or more of the basie principles, 
considerable progress has been made in 
developing in the student the habit of 
attacking problems from the viewpoint 
of the fundamentals. 


Conclusion 


One of the important advantages of the 
fundamental approach is the confidence 
it gives the student in his ability as an 
engineer. He enters upon his career in 
industry not with the fear of insufficient 
factual information to attack the new 
problems encountered, but with the confi- 
dence based upon successful experience 
in solving a wide variety of problems in 
the university by integrating the basic 
principles. 
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Reliability vs. Validity of Examinations 


By IRWIN WLADAVER 


Assistant Professor of Engineering Drawing, New York University 


Reliability and validity are the most 
misunderstood—or the least understood— 
concepts in the construction and evalua- 
tion of objectively-scored examinations. 
Sometimes the terms are used interchange- 
ably by professional writers and teachers 
who ought to know better. But here is 
one case in which precision does not per- 
mit interchangeability. 

It is not necessarily true, however, that 
reliability and validity are mutually ex- 
clusive. In fact, proof of reliability can 
be used to support a claim for validity. 
But while reliability can be proved, valid- 
ity cannot. This statement cannot be suc- 
cessfully disputed, for reliability is by 
definition a function of statistics whereas 
validity is a function of human judgment, 
fallible as we know it to be. 

The reliability of a test is a measure of 
its consistency. For example, if a “reli- 
able” test were given twice to the same 
students—or if a retest were made with 
an alternate, equivalent form of the origi- 
nal test—the scores would be practically 
identical on both oceasions. But we know 
perfectly well that we often find it im- 
possible or undesirable to give the same 
test twice to the same students (except 
in the cases of some unhappy individuals 
who must take the course twice). And so 
three or four fairly easy statistical tech- 
niques have been devised to give “esti- 


mates” of the reliability of test scores. 
Proof of reliability is considered to have 
been obtained if the statistical manipula- 
tion gives a sufficiently high coefficient. 

But the reliability of a test does not 
take into consideration the content of the 
test; all it indicates is the degree of con- 
sistency of the scores obtained. Suppose, 
for example, we have a group of students 
who know only English (if that) and we 
have to test them in descriptive geometry. 
We give them the following five ques- 
tions: 


. What is your name? 
. Come si chiama? 

3. Comment vous appelez-vous? 
. Vie ruhft mahn dich? 

5. Kak teebyeh zahvouch? 


Practically every student can answer 
the first question correctly and will. Un- 
less he guesses that we have tried the same 
question in Italian, French, Yiddish, and 
Russian, he will always answer the one 
question correctly and always fail on the 
others. The test is perfectly reliable, 
that is, consistent. But we are all willing 
to grant that it is not a particularly good 
test in descriptive geometry. To say it 
another way, the test is completely reli- 
able; we can get statistical proof. But 
the test has no validity for descriptive 
geometry; our judgment tells us so. 
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The validity of a test is the degree of 
fdelity with which the test measures what- 
ever it purports to measure. And this is 
'., matter that is not at all completely 
' amenable to statistical analysis. 

It is true that some statistical evidence 
is desirable. For example, if a test has 
high reliability, we have some evidence in 
support of its possible validity. At least 
we can know that the test will report con- 
sistent scores. If the test is inconsistent 
in reporting scores, to that extent validity 

| is impaired. But statistical analysis of a 
' whole test and each item of the test can do 
'no more than make some contribution to 
the validity of a test. 


Points of View 
In this brief article it is impossible to 
‘do much more than name some of the 
' more important points of view from which 
| validity can be investigated and claimed: 


1. Statistical analysis. 
2. The determination of validity through 
| the use of certain groups, that is, through 
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correlation with outside standards them- 
selves known to be valid. 

3. The extent to which the operations 
required of the student—by the test—ap- 
pear to parallel the operations demanded 
by the course of study named in the title 
of the test. 

4. The extent to which the subject mat- 
ter content of the test is in agreement 
with the curriculum and good teaching 
practice. 

5. The extent to which the test has been 
constructed according to sound practice. 

6. The extent to which other teachers 
and experts agree to the soundness of the 
test. 


Notice the part that human judgment 
plays throughout. 

Reliability can be measured and a test 
can be said to be reliable to a specific de- 
gree, because the measurement has a 
mathematical basis. But validity of a test 
can never be 100 per cent established, 
since its basis rests on human judgment 
—even though it be relatively expert judg- 
ment, judgment like yours and mine. 


Fifth College-Industry Conference 
Proceedings Available 


Eleven papers from the 5th College-Industry Conference, spon- 
sored by the Relations With Industry Division of ASEE at North- 
western University on January 31, 1953, are available in mimeo- 
graphed form. These can be ordered from the Secretary, ASEE 


Office, Northwestern University, Evanston, Ill. 


The price is 50¢ 


per copy. Please enclose a remittance with your order. 





TIMELY TIPS 


Curves of Distortion 


By ARTHUR M. HILL 


Professor and Head of Mechanical Engineering, Tulane University 


Volumes have been written on “good 
teaching techniques” and more will come 
in future years. But one academic prac- 
tice which might be dusted off and re- 
evaluated is that of “grading on a curve.” 

The teacher who is a “curve enthusiast” 
will probably fall into one or more of 
these classifications: (a) teachers who feel 
that a grade of A in a subject indicates a 
“erip” course; (b) teachers who are not 
able to adjust quizzes to the background 
of class work and student ability; (c) 
those who insist upon forcing each year’s 
class into a set mold, convinced that each 
year there must be a fixed percentage 
making A, B, ete., regardless of the varia- 
tion in student material; and (d) those 
who feel themselves in a position of power 
due to the awe and mystery with which 
they surround their grading system. 

Part (b), “teachers who are not able to 
adjust quizzes to the background of class 
work and student ability,” might be dis- 
cussed further. Upon reflection, most any 
instructor should realize that the average 
student thinks of the dividing line between 
passing and failing as a grade of about 
70%. It is a poor personnel relations job 
for an instructor to pride himself on a 


class average of 45%, and then prop up 
these grades to the passing level by curves 
Why not give realistic quizzes which yp. 
sult in realistic grades in the first place? 

Industrial firms spend many thousani 
of dollars in carefully defining the work 
ing conditions of their new employees 
Why would it not be beneficial to start tly 
first class meeting in a course with a con. 
cise discussion of the grading system? [i 
the average of the quizzes in the course 
will count for two-fifths, why not tell the 
student so? Definite numerical brackets 
as to where grades of A, B, and C fal 
would be helpful. If you were the stu- 
dent, wouldn’t you like to know? 

In a short time, many of these students 
will be on training programs in large 
industrial plants. In most eases their 
achievements and progress are carefully 
recorded and graded. I have never known 
of a supervisor of these young engineers 
who had to resort to a curve to evaluate 
their performance. 

Life is sufficiently complicated for stu- 
dents and faculty at best. Why not sim- 
plify things and discard the curves of 
distortion ? 

February 13, 1953 


A Single Tube Square Wave Generator 


By 0. WILLIAM MUCKENHIRN 


Associate Professor of Electrical Engineering, University of Minnesota 


The ever increasing applications and as- 
sociated analyses of square waves in elec- 
trical engineering has made it desirable if 
not necessary to introduce the student to 


this material in the early stages of his 
undergraduate curriculum. In the class- 
room this presents no problem but in the 
laboratory, experimentation by a large 
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number of student groups becomes pro- 
hibitive because of the high cost of com- 
mercial pulse generators. For the study 
of square waves, differentiating and inte- 
grating circuits, ete., in the basic elec- 
tronics course at the University of Min- 
nesota a simple single vacuum tube square 
wave generator with a low internal im- 
pedance is used. 

The cireuit diagram of the generator is 
shown in Fig. 1. One of the triode see- 
tions of the 6SN7 operates as a half-wave 
rectifier while the other section operates as 
an overdriven cathode follower. In this 
way the cathode follower performs the 
function of clipping as well as preserving 
its inherent low internal impedance char- 
acteristie which facilitates loading. One 
feature of the unit is that the top and 
bottom portions of the square wave output 
are perfectly straight. This results from 
the fact that during the overdriven period 
(when the rectifier section is passing cur- 
rent) there is no current through R, and 
therefore zero output voltage and when 
the rectifier section does not conduct the 


cathode follower operates under static 
conditions with a direct current through 
R, which in turn provides a constant out- 
put voltage. The rise time is satisfactory 
for most purposes and may be adjusted 
by varying the amplitude of the driving 
unit. The magnitude of the output volt- 
age may be adjusted by varying either R, 
or the plate supply voltage of the cathode 
follower. Generally, an increase in output 
voltage is obtained at the expense of in- 
creased rise time. 

As presently used, the generator is 
driven from a 120 volt 60 eps system 
through a 1:1 isolating transformer and 
maintains an output voltage of approxi- 
mately 15 volts with R, = 2000 ohms and 
Rg = 10,000 ohms. For other repetition 
rates an audio oscillator driver could be 
used. It is assumed that plate and fila- 
ment supplies and proper driving facil- 
ities would be available where this unit 
would find application. 

The quality of the output wave form is 
shown by the oscillograms of Fig. 2. The 
first oscillogram shows the output voltage 
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while the second shows the voltage output 
of a simple integrating circuit driven by 
the square wave generator. The integrat- 
ing cireuit consisted of a 50,000 ohm 
resistor in series with a 2-microfarad con- 
denser. These oscillograms were photo- 
graphed on a Dumont model 304H Oscil- 
losecope. Deviations from these wave 
forms are likely to be observed on cathode 


ray oscilloscopes with limited respons 
characteristies. 

It is felt that this square wave generate, 
which is connected by the student groyy 
not only contributes to their understang. 
ing of vacuum tube cireuits but also ey 
hances their knowledge of non-sinusoid; 
circuit phenomena and should be of }; 
terest to other educators working in thi 


field. 
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INTRODUCTION 


The original Manual of Graduate Study 
in Engineering was prepared by the Com- 
mittee on Graduate Study of the Society 
for the Promotion of Engineering Eduea- 
tion and was published in the Journal of 
Engineering Education in June, 1945. 
Instead of summarizing the background of 
that work we will reproduce in full the 
Foreword from the first edition. 

By 1950, it had become clear that cer- 
tain concepts of 1945 had already been 
changed by the impact of post-war condi- 
tions. Accordingly, in 1950, President 
Thorndike Saville of the American Society 
for Engineering Education appointed the 
Committee on Revision listed above. This 
committee found the basie concepts of the 
Manual to be in all respects sound and 
useful. Certain practices were found to 
have changed; for example, the gradual 
acceptance since 1945 of the belief that 
one foreign language used purposefully in 
the doctoral program could be more help- 
ful than a limited ability to translate two 
foreign languages. Also, much experience 
has been gained since 1945 in the associa- 
tion of graduate students with sponsored 
research, with cooperative educational 
programs and with evening and extension 
courses. Contacts have also been extended 
with the problems of foreign students. 
To account for these changes it was found 


necessary to revise about one-third of the 
Manual but in no instance did the commit- 
tee on revision find it necessary or desir- 
able to change major conclusions or ree- 
ommendations of the original document. 
It is felt therefore that the Manual on 
Graduate Study in Engineering has served 
a most useful purpose in guiding the 
growth of our graduate schools of engi- 
neering and that it will continue to serve 
such a purpose in the future. 

The following is a summary of the Man- 
ual. Copies of the complete manual can 
be obtained by writing to the Secretary, 
Professor A. B. Bronmwell, Northwestern 
University. Price 50¢ per copy. 


SuMMARY OF CONCLUSIONS AND REcoM- 
MENDATIONS REGARDING GRADUATE 
STUDY IN ENGINEERING 

1. Objectives 


If oversimplification is permitted, the 
objectives of graduate study ean be stated 
as the development of men able to experi- 
ment or otherwise to collect, appraise, 
digest and analyze evidence, and trained 
to prepare a clear statement of the find- 
ings. Such studies should advance intel- 
lectual honesty, imagination and courage. 


2. Organization 
Graduate and undergraduate instruc- 
tion benefit by close contact for they are 
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complementary functions that may be per- 
formed effectively by the same teacher, but 
they are sufficiently distinct in their ob- 
jectives to be differentiated through cer- 
tain phases of administration such as fac- 
ulty designation, and budgetary control. 


3. Transitional Studies 


To encourage undergraduate students 
of unusual scientific abilities toward 
greater intellectual effort it is recom- 
mended that they be given more freedom 
in the choice of courses including such 
graduate courses as their development 
fully justifies and that arrangements for 
their first association with research and 
research professors be made as a part of 
their undergraduate programs. 


4. Developing a Graduate Faculty 


The development of a graduate faculty 
requires administrative encouragement of 
professional objectives, of research and 
scholarship as evidenced by a sympathetic 
understanding of the scholar’s problems, 
appreciation of his accomplishments, finan- 
cial support for his work and an adequate 
personal reward. 


5. Admission Requirements 


Fuller realization is needed that only 
students who rank in the upper quarter 
of the graduating class are likely to be- 
come strong candidates for an advanced 
degree. Devices such as trial registration, 
entrance examinations, preliminary ex- 
aminations for the doctorate and others 
may be used to uphold the proper stand- 
ards of the graduate school. 


6. Degree Requirements 


Formal requirements for advanced de- 
grees in engineering are properly set by 
each institution although there is general 
agreement upon one academic year of 
residence study for the master’s degree 
and three years for the doctorate. More 
detailed formal requirements will be 
needed to guide the average student, but 
it should not be forgotten that the gradu- 
ate school remains the province of the 
superior mind. 


7. Major, Minor and Research 


The “major” should be devoted to ong 
field of study and should include the thesis 
research, but departmental lines shoy|; 
not be restrictive in the selection of 
courses or teachers. One “minor” (fo; 
the doctorate) is recommended in a field 
of science or engineering clearly separate; 
but contributing to the strength of the 
major study. The length of the doctorate 
residence makes two minors permissible 


8. The Thesis 

A thesis is recommended for all ad. 
vanced degrees in engineering. For the 
master’s degree, it is considered to repre. 
sent training in research or in the more 
scientific phases of design or development. 
For the doctorate, the thesis is considered 
as evidence that a candidate has made a 
contribution to science or to engineering 
knowledge. 


9. Language Requirements 


As an alternative to the usual required 
“reading knowledge of French and Ger- 
man” for the doctorate, it is recommended 
that evidence be accepted that the student 
has command of one foreign language 
which he has used effectively and exten- 
tensively in relation to his thesis. 


10. Mathematics 


Graduate study in engineering empha- 
sizes the mathematical or scientific ap- 
proach to the solution of technical prob- 
lems. It is accordingly recommended that 
the master’s program should be strength- 
ened by requiring one or more courses in 
mathematics beyond a first course in 
differential equations, and that the doc- 
torate should commonly include a minor 
study in advanced mathematies. 


11. Examinations 


Greater emphasis should be placed upon 
comprehensive examinations of the com- 
bined written and oral type for both mas- 
ter’s and doctor’s degrees. These serve 
not only as a yardstick to measure the 
attainment of the student, but also as 4 
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' rather tangible expression of the objec- 
tives of graduate study and as a means of 
| bringing them to the attention of students 


; and faculty. 


2, Undergraduate Courses 


Undergraduate course work should be 
accepted for graduate credit only when 
© taken in fields for which the student is not 
' expected to have the prerequisites for full 
graduate study and then only when taken 
as an approved part of a graduate study 
program. Also, it is recommended that 
no more than twenty-five or thirty per 
cent of the program be permitted in un- 
dergraduate courses and then only in the 
first full year of graduate study. 


13. Non-technical Studies 


The recommendations in 12 above are 
also to be applied to graduate studies in 
' economies, political science and adminis- 
- tration which may be proper related op- 
tional studies for certain fields of engi- 
neering. 


14, Evening Classes 


Evening graduate study is accepted to 
be of the same significance as graduate 
study in the day. Its cooperative features 
for maintaining close association with in- 
dustry are recognized to be of importance. 


15. Cooperative Programs 


Cooperative graduate study does not 
necessarily involve alteration between in- 
dustry and education but might be based 
upon a leave of absence from industry 
with the thesis research in some way re- 
lated to a company interest. Many other 
cooperative arrangements exist through 
institutional extension courses at indus- 
trial locations. Cooperative arrangements 
have been increasing and may be expected 
to become a very important factor in en- 
gineering graduate study. 


16. Sponsored Research 


Sponsored research of a clearly funda- 
mental nature in residence has the same 
educational value as institutionally spon- 
sored research and is the only kind of 


sponsored research acceptable for the doc- 
torate thesis. The percentage of the stu- 
dents’ time given to basic research should 
be determined objectively for assigning 
residence credit since much work on a re- 
search project is necessarily of a routine 
nature. For the master’s degree greater 
freedom is suggested and some graduate 
credit is acceptable for industrially spon- 
sored development work when placed 
under qualified educational supervision. 


17. Industry Institutes 

Graduate institutes serving a single in- 
dustry face the problem of domination by 
that industry which may result in the use 
of vocational standards for measuring 
graduate-study objectives. This will be 
combatted most effectively when such in- 
stitutes are closely associated with colleges 
or universities which foster other graduate 
study in science and engineering. 


18. Foreign Students 


A semester of orientation into American 
graduate study is recommended for the 
foreign student who often needs support- 
ing work in English, in laboratory science, 
or in practical engineering courses. These 
are common deficiencies. 

19. Student Guidance 

The most practical advice to brilliant 
undergraduates is to enter the graduate 
school immediately after gradvation be- 
fore there is a loss of facility in the use 
of mathematics, physics, and the theoreti- 
eal tools of engineering. Graduate stu- 
dents should be treated as adults, but they 
still need guidance in the importance of 
using the library and of setting up, stat- 
ing, and solving problems. 


20. Teaching Loads 


It is recommended that teaching loads 
be based upon an analysis of total instrue- 
tional hours including class hours, prep- 
aration, grading, and counseling for both 
graduate and undergraduate courses. 
Evaluation of the equivalent teaching load 
involved in direction of thesis research 
should be made. 





TEACHING POSITIONS AVAILABLE 


The following rules were adopted by the General Council of the ASEE: 


1. The privilege of advertising for teaching positions is extended only to college; 
and technical institutes which are either Active or Affiliate Institutional Members ¢; 
the ASEE. 

2. Advertisements must be for positions available only. No advertisements will ty» 
accepted for an individual seeking a job. 

3. Advertisements should not specify salaries. 

4. Advertisements must be submitted not later than the first day of the month pre. 
ceding the month of issue. 

5. Because of limited staff, the ASEE headquarters cannot maintain personnel file; 
or supply detailed information about jobs. In replying to blind ads, address letters ty 
American Society for Engineering Education, Northwestern University, Evanston, Illi. 
nois and give blind ad number. 

6. Information and rates for advertising in the Journal can be received by writing 
ASEE Headquarters. 

7. In order to conserve space and achieve uniformity, the privilege is reserved to 
rearrange advertisements. 





CHRYSLER INSTITUTE OF ENGI- | INSTRUCTOR AND ASST. PROF. OF 





neering is enlarging its full time staff as 
a part of long-term expansion plans. The 
positions open include the following ac- 
tivities in various combinations: Planning 
graduate level courses; Teaching graduate 
level courses; Following automotive tech- 
nical developments and designing and 
teaching special short courses for Chrysler 
Corporation, Engineering Division Person- 
nel; Class and work assignment adminis- 
tration; Counseling graduate student en- 
gineers on thesis and design projects. 
Inquiries are invited from men with engi- 
neering college teaching experience, prefer- 
ably in mechanical engineering, machine 
design or engineering drawing. Interest 
in automotive equipment and: familiarity 
with current designs is desirable. The pre- 
ferred age range is 26 to 35 years. The 
positions are at the Chrysler Institute in 
Detroit, and are on a full time, 12 month 
basis. Correspondence should be addressed 
to: Chrysler Institute of Engineering, 
12260 Oakland Avenue, Highland Park 3, 
Michigan. Attention: Mr. L. R. Baker. 


INSTRUCTOR OR ASST. PROFESSOR 
Mechanical to teach production engineer- 
ing and laboratory, and materials labora- 
tory. Some industrial experience desirable. 
Salary commensurate with teaching and 
industrial experience. Cleveland, Ohio. 
MA-1. 








Drawing & Design for Sept., 1953. Able to 
teach Drawing, Dese. Geo., Kinematics, 
Graphie Statics, Machine Design. Experi 
ence desired. 9 months service. Write L. 
M. Sahag, Head, Dept. of Engrg. Drawing 
& Design, Ala. Poly. Inst., Auburn, Ala. 





INSTRUCTORS IN ENGINEERING 


drawing for September, 1953. Engineer 
ing graduates with some experience pre 
ferred. Nine months service. Summers 
free for industrial employment. Positions 
permanent with opportunity for advance 
ment. Replies confidential. Write R. P. 
Hoelscher, 209 Transportation Bldg., Uni- 
versity of ‘Illinois, Urbana, Illinois. 





POSITION OPEN FOR MECHANICAL 
Engineering teacher. Supervise mechani 
cal engineering laboratory and teach some 
courses. Opportunities for graduate study, 
research, and outside consulting work. 
Salary and rank based on applicant’s quali- 
fications. Please contact Head, Depart- 
ment of Mechanical Engineering, Wash 
ington University, St. Louis 5, Missouri. 
ASST. OR ASSOC. PROF. OF CIVIL EN- 
gineering. Ph.D. preferred but will con- 
sider MS. To handle 2 courses in hydro! 
ogy primarily and teach related subjects. 
Rocky Mountain Region. MA-2. 
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INSTRUCTORS FOR PENN STATE INSTRUCTOR OR ASSISTANT PRO 
off campus centers—two year college ter- | fessor of Electrical Engineering; M.S. | 


minal programs—Electrical, Mechanical, | Desired with specialization in power; to | 
Structural Design subjects. Faculty par- | teach machinery and circuits courses. Posi- | 
ticipates in Hospitalization, Retirement, tion available September, 1953. Send ap- | 
| Insurance and Tenure plans. Apply to plication to Chairman, Department of Elee | 


Terminal Study Dept., Central Extension | trical Engineering, State College Station, 
Bldg., State College, Pa. | Fargo, North Dakota. 
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Emotional Response to Teaching Techniques* 


By N. A. CHRISTENSEN 
Director, School of Civil Engineering, Cornell University 


The emotional reactions of a student to- 
ward his teacher play a most profound 
part in his learning process. If his emo- 
tional reactions are correct, almost any 
technique will work and if those emotions 
are wrong, no technique will give results. 

To more clearly illustrate my meaning, 
I wish to recall a painful personal experi- 
ence, from my childhood days, as an ele- 
mentary grade school student. In my 
town of 12,000 people, there were four 
grade schools and one music teacher. 
Each week he visted each school in order 
to teach the students to read music and 
sing simple songs. He taught classes in 
the fourth, fifth, and sixth grades so my 

‘first exposure to his teaching was as a 
fourth grade student. 

Te begin with, music moved along much 
the same as other subjects in a satisfactory 
way but with no special interest attached 
to it. Then came a day when we were 
asked to write a few stanzas of music, and 
for some reason, I tried to make mine look 
like a printed sheet. When finished, it 
looked neat and a mild feeling of pride 
was mine as I handed it to the student 
in the front on its way up to the teacher 
who was standing at the front of my row. 
His habit was to glance briefly at the 
papers as soon as he got them and so I 
was watching him to learn his reaction. 
One, two three; mine was the fourth down 
from the top of the pile. When he came 
to it, he paused a little longer than usual, 
smiled and handed the paper to our regu- 
lar room teacher saying, “It looks like a 
printed sheet.” This was exactly what I 


* Presented at Upper New York Section 
Meeting of ASEE, Oct. 11, 1952. 
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had been trying for and his offhand re- 
mark, unknown to him, had a profound 
effect upon my efforts in musie for the 
next year. My interests in the music 
teacher as well as in music sharpened. 
For the first time I noted that this man 
could sing all four parts of almost any 
song. Gee, what a singing range this man 
had! I learned he was also the conductor 
of the church choir and admired his mas- 
terly control of over 100 singers whom he 
trained. In my mind his greatness as a 
musician was finally and solidly confirmed 
when he led the congregational songs. 
You could hear his voice above all who 
sang even though the number of singers 
sometimes exceeded one thousand. Boy, 
what volume that man had! 

With this state of mind and emotions, 
his classes became a pleasure for me. 
When he would say sing, I would do so 
with all my might and I knew I was mak- 
ing real progress. My confidence grew 
and I took the responsibility to sing out 
so that my seat neighbors followed my 
lead when we sang. 

By this time, I had a slight touch of 
swelled head, an ailment so common 
among fourth graders of which, of course, 
I knew nothing. It was true the other 
students were following my lead in sing- 
ing. This exaggerated my ego and in my 
own mind I was going to march right 
along and be like the teacher himself, until 
one day I made a sad mistake. We were 
reading music in the do, re, mi fashion, 
and came to a long run of notes forming 
an ascending scale which ended in the top 
space of the staff at a note called re. To 
my sorrow, in climbing this musical scale, 
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my reading got out of gear with my sing- 
ing and lagged it by one note so for me 
there was still one more note, mi, to sing 
when the class had reached the top and I 
hit that mi with all my might. Because of 
egotism and false confidence, I held it for 
its full count. 

My budding music career as well as my 
ego collapsed with the burst of laughter 
and ridicule from the class. A blush of 
shame burned my face and made me look 
even more ridiculous to all present. My 
idol, the music teacher, completely mis- 
understood my error and interpreted it as 
a show off. My cup of grief overflowed 
when he proceeded to soundly box my 
ears. 

My hero, the music teacher, suddenly 
became a crude baboon with heavy power- 
ful hands. It seemed to me that he had a 
tendency to show off for the benefit of 
the pretty homeroom teacher. His range 
was not so marvelous after all, only two 
octaves. Any good baritone should have 
two and a half. His strut before his choir 
now annoyed me. What a horrible mess 
he made of congregational songs, his voice 
rose above the singing of the congregation 
like a bellowing bull. What a fool I had 
been not to see his true color before, but 
now I knew, especially since my pretty 
cousin had told me that he had tried to 
put his arm around her. He is just a 
grandstander for those females who are 
silly to fall for him. 

Three years later I suffered no pangs of 
sympathy when the newspaper reported 
him laid up in bed with painful arthritis. 
It was eight years before I reluctantly 
consented to join his choir but by this time 
my ability to read music was still em- 
bryonic and so the best I could do was to 
follow my older brother who had had a 
more happy experience under this master 
of music. 

Looking back now, the true nature of 
the experience is clear. The slap I got did 
not change the teacher, his technique did 
not change, his personal qualities did not 
change, it just seemed that way to me. 
The slap changed my whole frame of ref- 
erence for judging him and his techniques. 


EMOTIONAL RESPONSE TO TEACHING TECHNIQUES 


Before the slap he was wonderful and I 
was a dilligent student making good prog. 
ress. After the slap he was the lowest of 
humans. I was balked and my progress jy 
music stagnated. Any technique which 
improves the emotional relations hetweer 
student and teacher is good. My teacher's 
observation that my written music was 
neat, was good technique; his slap was bad 
technique. The commendation conditioned 
me emotionally to learn; the slap raised 
enormous emotional barriers. 

These emotional adjustments are not 
static. They improve or decline. One 
very important factor affecting this rise 
and fall is the progress which the stu. 
dent makes. The changes are usually 
much more gradual than mine, when | got 
slapped, but nevertheless each action of 
the teacher has its effect upon the student- 
teacher relation. An alert experienced 
teacher will sense these changes and adjust 
his techniques in accordance. The sun 
total effect of a teacher’s techniques, build 
or destroy the students emotional adjust- 
ment to him. 


Guiding Principles 
There is enough uniformity of response 


of students to permit the statement of a 
few general guiding principles. 


1. Watch the students and judge your 
techniques in terms of the reactions and 
activities stimulated in the student. They 
learn only by their own mental activity. 
You can’t pour knowledge into them. 

2. Master the subject matter. A com- 
plete knowledge of one’s subject is neces- 
sary, especially in basic undergraduate 
courses. Without complete command of 
the subject matter, the teacher will not 
have time to study the reactions of his stu- 
dents in the relatively large undergraduate 
classes. The highest form of student re- 
spect is not possible if the teacher is not 
master of the material he is teaching. 

3. Use a variety of approaches to the 
subject matter. In the Journal of ASEE 
last May, Mr. Harry W. Case, Associate 
Professor of Engineering and Psychology 
of the University of California, in report- 





EMOTIONAL RESPONSE TO TEACHING TECHNIQUES 


ing the results of his questionnaire to stu- 
dents on teaching techniques, emphasized 
the importance of this item and the danger 
of monotonous teaching. 

4, Attack the job of teaching with en- 
thusiasm and vigor. Whatever techniques 
are selected use them with gusto. Stu- 
dents become alert in the presence of such 
a teacher. This vigor should have a na- 
tural quality such as grows out of a feel- 
ing of having something good one wants 
to transmit. 

5. Put the students at ease. Students 
should feel free to state their own ideas, 
without fear of ridicule. Admit your own 
errors freely and students will then do 
likewise. Crack a joke on yourself once in 
a while, a sense of humor will ease ten- 
sions and make the teacher seem more 
human to the students. Care on this point 
is necessary, however, in order not to im- 
pair respect for the teacher and class 
order. 

6. Strive for an atmosphere of ease dig- 
nity of the type which grows out of living 
up to our professional codes of ethics. A 
commendation of a fellow teacher before 
a class, in a subtle but powerful way, adds 


stature to the teacher giving the praise, 
providing it is sincere. Cheap jokes 
should be avoided like the plague. They 
are distructive of dignity and, worst of all, 
their telling is highly contagious. 


I am afraid that these six points may 
seem like platitudes. The ideas are com- 
mon but they do not qualify as platitudes, 
because they are not given as new or pro- 
found. They are as common as an old 
shoe but nevertheless of basic importance. 

One cannot be much more specific in 
recommending teaching techniques because 
if he does, he faces the danger of reducing 
the teaching process to a mechanical rou- 
tine. Administrators of education, I be- 
lieve, should not insist on teachers adher- 
ence to a specific set of techniques because 
by doing so, they may lose the value tied 
up in each teacher’s own personality. His 
adjustment to his students will be made 
best if he is free to sort the techniques to 
fit his own classes and himself. All teach- 
ing techniques can be rightly considered as 
only means to an end. That end being 
to establish emotional relations between 
teacher and student most ideal for the 
transmission of knowledge. 


College Notes 


The potentialities of modern electronic 
processing systems will be emphasized 
during a two-week Special Summer Pro- 
gram on Digital Computers and Their 
Applications from August 24 to Septem- 
ber 4 at the Massachusetts Institute of 
Technology. The program is especially 
designed, according to Dr. Ernest H. 
Huntress, Director of the M.I.T. Summer 
Session, for those unfamiliar with digital 
computers who must determine how newly- 
available computing systems can be ap- 
plied to their problems and the advantages 


that might accrue. No previous training 
or experience beyond a bachelor’s degree 
in business, science, or engineering will be 
required. The program will be under the 
direction of Charles W. Adams, Assistant 
Professor of Digital Computation in the 
Department of Electrical Engineering. 
He will be assisted by other members of 
the staff of the M.I.T. Digital Computer 
Laboratory, who will act as occasional lec- 
turers and as instructors for small work- 
ing groups. 





Curriculum and Cocurriculum* 


By C. MARTIN DUKE 
Associate Professor of Engineering, University of California, Los Angeles 


This paper developed from an effort to 
think out the place in engineering educa- 
tion of the non-academic activities given 
much emphasis in most American engi- 
neering colleges. A certain pattern has 
been found in the methodology and ob- 
jectives of these activities, and the name 
cocurriculum has been adopted for them. 
The pattern is presented here in the hope 
that it may stimulate discussion leading to 
clarifieation of the role of engineering 
cocurricula.. 

The objectives of engineering education 
may be stated to be the development in 
graduates of intellectual capacity and 
professional attitude. These are attained 
through the devices of curricula, or groups 
of courses, and cocurricula, or groups of 
activities. A diagram of engineering edu- 
cation is presented in the chart of Figure 
1 to show the functions of curriculum 
and cocurriculum. The definition of the 
latter term proposed by the writer fol- 
lows: 


The cocurriculum of an engineering 
college consists of those activities paral- 
leling the curriculum which are carried 
out by students, faculty, and practicing 
engineers with the objective of develop- 
ing a professional attitude in students 
toward their education and in graduates 
toward engineering work. 


The activities mentioned are here classi- 
fied as student activities, personal fune- 
tions of faculty and professional engi- 


* Based on a paper presented at the an- 
nual meeting of the Pacific Southwest Sec- 
tion, American Society for Engineering Edu- 
eation, December 27, 1951, Reno, Nevada. 


neers, guidance, inspiration, recognition 
of and aids to achievement, and contact 
with engineering practice. The profes. 
sional attitude given as the objective of 
these activities is a complex of several 
states of mind or attitudes which are 
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Fie. 1. A diagram of engineering education 


herein classified as morale, orientation, 
purpose, motivation, and preprofessional 
engineering experience. These five states 
of mind characterize the professional at- 
titude required in graduates and also that 
required in students toward their educa- 
tion. The quality of the result achieved 
by the cocurriculum depends firstly on 
the moral caliber of the students and see- 
ondly on the excellence of cocurricular 
planning and execution. 

The intellectual development required in 
engineering graduates is the concern ot 
the curriculum. It is the principal ob- 
jective of the academic portion of the 
student’s collegiate experience and is con- 
cerned with the capacities of analytical 
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power, creative thinking, skill with the 
engineering method, knowledge of engi- 
neering subject matter, and understanding 
of society. The result achieved depends 
on the intellectual caliber of the students, 
on the state of mind of the students to- 
ward their studies, and on the planning 
and quality of instruction. 

Curriculum and cocurriculum do not 
exist as separate entities (though usually 
they are operated separately in engineer- 
ing schools). For example, purpose may 
be stimulated as well in the classroom as 
through contact with practice, and tech- 
nical and humanic knowledge is abetted 
by field trips and student organization 
experience. Further, as illustrated by the 
dotted line in Figure 1, the cocurricular 
activities should do much toward develop- 
ing a receptive attitude toward the aca- 
demic work. 
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Fie. 2. The cocurriculum 


Figure 1 illustrates how the engineering 
educational process, working through the 
curricular and cocurricular stems, may 
produce high caliber engineers in train- 
ing. In Figure 2 the activities and atti- 
tudes given above are charted, and pre- 
dominant cause-and-effect relationships 
are shown by arrows. As in most block 
diagrams, oversimplifications exist in both 
figures: mental and moral calibers of stu- 
dents are not static things but fluctuate 
with development of attitudes; forces 
outside those considered, such as family 
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and personal experiences, often predomi- 
nate; feedback plays a major role in plan- 
ning activities to develop attitudes. The 
following two sections define and describe 
the elements of the cocurriculum shown 
in Figure 2. 


Activities of Students, Faculty, and 
Practicing Engineers 


Most quickly recognized of the cocur- 
ricular activities is the group conducted 
by the students through their organiza- 
tions and publications and labeled student 
activities. They have great morale value 
on account of the informal personal as- 
sociations among students and between 
students, faculty, and practitioners. Serv- 
ices to the college and operation of an 
honor system help set the stage for ac- 
cepting professional responsibilities to 
society. Working closely and voluntarily 
with other students helps to prepare 
graduates for the cooperative nature of 
engineering. 

Seldom deliberately exploited by fa- 
culty and practicing engineers is their 
influence on student morale, purpose, and 
motivation by virtue of their personal 
example, reputation, fellowship, and ad- 
vice. These personal functions are ac- 
complished for better or for worse through 
intimate associations with students and 
groups in the classroom and office, in stu- 
dent organization affairs, and in prepro- 
fessional employment. Integration of the 
curriculum with the cocurriculum is 
achievable only through the cooperation 
of the faculty. 

Particularly important in the precollege 
and early college years is guidance, in- 
cluding counseling, directed toward ori- 
enting and stimulating purpose in the 
students. In addition to the academic 
and career counseling and guidance given 
considerable attention in modern engi- 
neering schools, guidance should be pro- 
vided in connection with features of the 
cocurriculum such as student activities 
and postgraduate professional activities. 

An item of recognized primary impor- 
tance, but difficult of definition, is inspira- 
tion. Certain inspirational activities car- 
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ried out by faculty, the profession, and 
industry, through programs and personal 
associations, are designed to stimulate 
imagination and emotional drives and thus 
to achieve motivation and purpose. Least 
tangible element of the cocurriculum, in- 
spirational functions usually are accom- 
plished only incidentally to other activi- 
ties. A few professors and deans do make 
conscious effort in this direction, often 
with modest success. 

Colleges and student organizations pro- 
vide for the recognition of both curricular 
and cocurricular achievement through the 
media of degrees, honors, honor societies, 
student society officerships, ete. Prizes 
and honors also are conferred by the pro- 
fession and by industry. Such recognition 
stimulates morale and motivation. 

Aids to achievement are similarly pro- 
vided as stimuli to morale and motivation. 
This group of activities includes such 
items as tutoring by honor students, study 
facilities, scholarships, loans, and facilities 
for student organizations. 

Every engineering student’s collegiate 
experience includes some contact with 
engineering practice. Practicing engineers 
and the employers of engineers perform 
a guidance and inspiration function here 
in creating the mental states designated 
&s orientation, purpose, and motivation. 
In addition there is provided training and 
experience implementing the objectives 
of the curriculum. Students come in con- 
tact with practice during cooperative work 
study programs, on field trips, and by 
attending meetings of professional engi- 
neering organizations. The impact of 
this type of cocurricular activity ean be 
very great. 


Attitudes Developed through the 
Cocurriculum 


As an ingredient of the professional 
attitude toward his studies, the student 
firstly should be enthusiastic about his 
engineering education and further should 
conduct himself in an honorable manner 
in his relations with faculty and fellow 
students; such a state of mind, existing 


in students individually and collectively, 
is called morale. Its symptoms are cop. 
fidence, loyalty, honor, pride, enthusiasm, 
and good fellowship. It is stimulated by 
extracurricular student affairs and by 
proper attitudes of faculty, administra. 
tion, and professional engineers. This 
morale should transfer to his professiona! 
life after graduation with the added items 
of loyalty and pride in the profession an¢ 
in his alma mater. 

The student should understand and 
should possess some perspective regarding 
the organization and workings of his ¢ol- 
lege and of the engineering profession; 
this is orientation. Implied is the under- 
standing of and willingness to accept 
academic and professional responsibilities, 
The orientation picture should compre- 
hend the possibilities of shifting to pe- 
ripheral curricula while in college or to 
peripheral jobs after graduation. Guid- 
ance and counseling activities, special 
courses, and preprofessional employment 
help to effect the desired orientation. 

Purpose is an ideal approached by the 
student as he proceeds in the selecting 
of academic and professional life goals. 
Examples of goals are options in the 
curriculum, student society officerships, 
first jobs, long range career achievement, 
contributions to the profession and to 
society, ete. It is not to be expected that 
concise and constant goals will be selected 
by most students while still in college. 
Chance will always play a role. Inspira- 
tional association with men and projects, 
and contacts with engineering practice, 
render much aid in the selecting of engi- 
neering zoals. 

Students should be possessed of the 
emotional driving force enabling them to 
make progress toward the goals selected 
in the oriented picture; this is motivation. 
Classroom activities, inspirational experi- 
ences, recognition of and aids to achieve- 
ment, and contact with practice all influ- 
ence motivation as do many non-collegiate 
factors. Without motivation the student 
eannot achieve success either in college 
or in practice—a fact that teachers and 
advisers must have always in mind. 
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An introductory knowledge of some of 
the arts and skills of engineering should 
be obtained by the student before gradu- 
ation to give him preprofessional experi- 
ence. This item, while not classifiable as 
an attitude, nevertheless represents in 
addition to intellectual growth a certain 
maturity of mind which is a desirable 
cocurricular result. 


Applications 


Present use may be made of the pre- 
sentation herein as an aid to seeking 
solutions to problems such as the follow- 
ing: 

1. Emphasis to be placed on both the 
activities and the attitudes of the cocur- 
riculum during each of the four college 
years and prior to college; related ques- 
tions of what should be the philosophy of 
the cocurriculum in the first two years 
including junior college, in the second 
two years, in graduate school, in technical 
institutes. 

2. Devising methods of measuring the 
effectiveness of cocurricula and their vari- 
ous elements. 

3. Planning of activities to encourage 
a particular student reaction or attitude, 
such as orientation, morale, motivation, 
ete.; possibility of devising and evalu- 
ating inspirational programs in and be- 
fore college. 

4. Optimum proportions of student and 
faculty time to be devoted to the cocur- 
riculum. 

5. Emphasizing to the faculty and to 
the profession the key roles they play in 
the cocurriculum. 


6. Decreasing the mortality of engi- 
neering students; related problem of eas- 
ing the impact of failure on individual 
students while maintaining in the student 
body a philosophy of success. 


The writer’s thinking in connection with 
this paper and with the above list of 
problems has been aided by use of a large 
chart showing greater detail than it has 
been practicable to present herein. A 
limited number of copies of this chart is 
available to interested persons. 


Summary 


It is maintained that cocurricula are 
operated in engineering schools in order 
to encourage in students a professional 
attitude toward their education and _ to- 
ward engineering practice. This attitude 
is characterized by states of mind identi- 
fied as morale, orientation, purpose, moti- 
vation, and preprofessional experience. 
The cocurricular activities carried out by 
students, faculty, and profession are all 
identifiable with one or more such states 
of mind. 

It is hoped that by this presentation 
the thoughts of engineering educators 
will be stimulated toward further con- 
templation of the objectives and toward 
more effective planning and execution of 
the activities of the cocurriculum. If 
cocurricular experiences and philosophies 
of educators are catalogued over the 
coming years, it may become feasible to 
design ideal cocurricula. 





The Engineer as an Individual in Industry 


By H. N. MULLER, JR. 
Assistant to Vice President, Westinghouse Electric Corporation 


My assigned title for this discussion is 
“The Engineer as an Individual in Indus- 
try.” There is just one key word in that 
titlke—“Individual.” All of my remarks 
will concern the individual; the freedom of 
the individual, the dignity of the individ- 
ual, the development of the individual, the 
retention of individual thought and action 
in a team atmosphere, and most important, 
the necessity for all these ingredients in 
maintaining our industrial strength—the 
keystone of a strong America. 

Our industrial strength is inseparably 
coupled to the individual. I firmly believe 
that our vast productivity could never 
have been accomplished, on a continuing 
basis, under any character of economy 
other than our free enterprise system of 
American industry. We have produced 
so abundantly because in America we have 
had individual liberty ; freedom for the in- 
dividual to pursue his own ambitions, to 
save and to risk, to gain and be respon- 
sible for his own decisions and actions, 
good or bad, win or lose. 

If this dignity and freedom of the in- 
dividual is ever lost in America, our 
strength will inevitably decline with it. 
Our philosophy of life is the key reason 
for our strength. We have great natural 
resources, but there are nations with 
greater raw resources. Americans can 
certainly be no more intelligent than the 
people in the lands from which Americans 
came. We don’t work harder, or even as 
hard in terms of expenditure of human 
energy, as the people of many lands. You 
may say that our great educational system 
makes the difference and is responsible for 
our strength. But this educational system 
is just one product of our basic concepts 
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of individual freedom and individual op. 
portunity. 

We have been able to build the Americg 
of today only because all of our people are 
free to think and act as individuals, each 
to express in his own way his creative. 
productive, and cooperative talents that 
collectively result in national wealth, 
strength, and high standards of living. 
These fundamentals apply to men of al! 
skills and educational levels, from common 
laborer to professional practitioner. And 
among the professions, the engineers have 
emerged as the group most critically im- 
portant to the continued strength and fu. 
ture growth of our industrial backbone. 


The Place of the Engineer 


Let us analyze briefly the position the 
engineer occupies in industry. He has 
grown to be our key man. His influence 
predominates in almost all functions of a 
modern industrial organization. An in- 
creasing number of the other skills and 
specializations are dependent upon the 
creativeness, the productive genius, the 
analysis and the application of the engi- 
neer before their functions have usable 
significance. 

More than any other group, it is the 
engineer who has created the vastly com- 
plicated maze of modern industrial society. 
With every additional technical innova- 
tion, the degree of complication increases, 
and an engineering background becomes a 
requisite for more and more of the key 
jobs. 

This necessity for technological under- 
standing applies to the productive organ- 
ization and to all levels of management, 
as well as to the directly technical pursuits 


JourNAL oF ENGINEERING EpucaTIoN, June, 1955 





THE ENGINEER AS AN INDIVIDUAL IN INDUSTRY 


in the departments of engineering. It is 
interesting to observe that over one-third 
of the top management people in Amer- 
iea’s largest producing corporations are 
graduate engineers. This percentage will 
continue to increase in the future for it is 
an inherent necessity. 

Now let us relate this crucial station of 
the engineer to his thoughts and actions as 
an individual. In recent years forces have 
been at work in our country that would re- 
duce the status of individuality. Our peo- 
ple are constantly lured by all kinds of 
schemes for collective security, by all 
kinds of “isms” and devices designed 
against some of our most basic ideals. 
The worst of this is that it is being done 
in the name of “liberalism” and “progres- 
siveness.” Each “liberal innovation,” so 
ealled, with a professional do-gooder as its 
advocate, sounds like a real bargain. All 
put together, they simply mean that in- 
dividual initiative is replaced by govern- 
ment paternalism, that self-confidence is 
replaced by collective reliance, and in the 
end, that dependence replaces independ- 
ence. At that stage, security through gov- 
ernment has replaced freedom, whether 
economic, political, or eventually religious 
freedom. It is an insidious, creeping kind 
of paralysis. It provides its own anes- 
thesia unti! it is very late and hard to 
arrest. We have traveled down this road 
regrettably far already, but the engineers, 
through their unique post in industry, are 
the one group who can do more than any 
other in showing to a free people their 
self-created peril. This requires action, 
not just words, and it must come from the 
grass roots level by all engineers in in- 
dustry. 

Specifically, look at this problem of 
security as it relates to engineers in in- 
dustry. Certainly the urge for security 
has always been in the breasts of men, and 
properly directed, it is a driving force re- 
sponsible for much of our material prog- 
ress. But this is only true as long as 
we define security as individual security. 
There is no basic driving force in collee- 
tive security; indeed, individual action, 
achievement, risk and gain, are strangled 
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by collective security. This must be made 
unmistakably clear. 

In recent years industry has been met 
with all kinds of demands for greater 
security. These demands include sickness 
benefits, hospitalization plans, bigger and 
better retirement guarantees, an annual 
wage, absolute seniority almost regardless 
of ability, and numerous other forms of 
collective action. Some of these demands 
are decidedly good movements and they 
are entirely justified, but others are not. 
In few cases have the demands been re- 
lated to individual achievement, and I 
have never seen the proponents of these 
plans point out that all payments inevit- 
ably must come out of production; hence, 
from the consumer. 

Engineers can achieve real and endur- 
ing security as can all professional people 
who are both competent and ethical. Such 
security is founded on the dignity and 
freedom of the individual, never on collec- 
tive security, and it has been achieved by 
thousands. It is based on the individual’s 
real value to the community, the indus- 
trial economy, and the national welfare 
through his reputation earned by con- 
structive service. 

To be frank in a point-blank manner, 
any collectivism, including our common 
concept of unionization, is incompatible 
with truly professional performance. 
Collective action, however highly con- 
ceived, will eventually result in a leveling 
process, and will inherently result in a 
strong influence toward mediocrity for the 
individual. At that point, the profes- 
sional man loses some of this ingredient 
of individuality. The freedom that cre- 
ates a vigorous professional attitude has 
begun to wither, and if the process con- 
tinues indefinitely, it may die. 

All of the engineering students and 
young engineers in industry must be in- 
stilled. with an appreciation of their re- 
sponsibility to the profession as individ- 
uals. They should carry this inspiration 
through the span of their professional 
service if they are to fulfill their obliga- 
tions and realize their opportunities in 
America. 
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In short, if security is based upon 
earned reputation resulting from active 
pursuit of opportunity, the achievement 
of that security is worthwhile, it has con- 
tributed to the development of the individ- 
ual, and it has advanced our profession. 
Grasping opportunity and realizing the 
fruits of accomplishment is real security ; 
any other securty cannot be enduring. 


The Employer's Responsibility 


We have observed that a great majority 
of the young engineers initially entering 
industry have the motivation toward in- 
dividual accomplishment so necessary to 
professional growth and a maximum rate 
of progress. This fact is a real tribute to 
the job our engineering colleges do in the 
more abstract elements of a professional 
engineering education. There are excep- 
tions, of course, but most are really 
healthy minded youngsters, looking for- 
ward to opportunity in American indus- 
try. What, then, are the responsibilities of 
the industrial employer in seeing that this 
inspiration is nurtured and that the young 
graduate’s ideals are realized? 

First, industry owes the young engineer 
the opportunity to know his organization 
and to find the right job in it. It is in- 
dustry’s obligation to provide high-level, 
flexible orientation and training. 

A good program of training has so 
many benefits. The transition from di- 
rected-development in college to self-de- 
velopment in industry is no longer an easy 
one. While the craftsman of former years 
grew up with’ the business, the college 
graduate of today steps into a strange or- 
ganization at a relatively high level. He 
has had no opportunity to understand, 
through long association, the methods and 
operation of the concern. During his first 
few years with the company, the young 
engineer is finding his place in the organ- 
ization, attempting to understand himself, 
and shaping his professional goal. Fre- 
quently, he is establishing his family and 
generally his salary is modest. Closing 
the gap between his experiences on the 
campus and the realities of earning a liv- 
ing in a complex situation is not an easy 
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task. Obviously, he needs assistance jp 
making the transition from directed-de. 
velopment to self-development, and his 
faith in himself, thus bolstered, maintains 
his individuality through a crucial period, 

Many industrial employers have recog. 
nized this need and currently do a good 
job of orientation and training. Unfor- 
tunately, not all do. It is interesting to 
observe that there are valuable by-prod- 
ucts that turn up as a result of a good 
training program. Some of these have a 
very broadening effect. An industry that 
was new to a young man a short time be- 
fore employment, now becomes a dynamic 
entity, and he feels a part of it. A good 
training course brings the engineer into 
contact with the best men available for 
training work, and in this way has an ex- 
cellent influence on his behavior that he 
will never lose. He unconsciously has 
built fences against the influences that can 
reduce his professional status and his in- 
dividuality. 


Healthy Attitudes 

A good training program instills 
healthy attitudes. The young graduate 
has been carefully selected as a potential 
key man. He reports to work with high 
hopes to really wade in and build a repu- 
tation. These hopes are further elevated 
when he finds that his company is devot- 
ing the time and effort necessary to ac- 
quaint him with its policies, objectives, 
and all phases of operating procedure. 
He knows that he is, at best, only semi- 
productive and yet the company sees fit to 
pay him a salary while training him. 
Certainly this company must have plans 
for him! 

Contrast this with the direct employ- 
ment case; that is, hiring an engineering 
graduate for a specific job and plopping 
him into it with no training period. He 
starts becoming a productive employee the 
first day, and many years may pass before 
he learns, piece by piece, what the overall 
company operation is and how it is organ- 
ized. He learns the hard way what facil- 
ities and services are available to him, and 
he may make many embarrassing mistakes. 
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He feels rather lost in a strange world dur- 
ing his first few years and does not realize 
where his opportunities may lie. In short, 
he is being almost pushed into that uncer- 
tain state of mind that makes him easy 
prey for influences not compatible with 
maximum professional development. 

Frequently we hear the comment, “Fine, 
but a smaller company cannot afford much 
of what you were talking about and, there- 
fore, cannot assume such responsibility.” 
With this opinion I heartily disagree. As 
a matter of fact, a smaller company, tak- 
ing only two or three graduate engineers 
per year, has the greatest opportunity 
possible to personalize their orientation 
and training period. Because the organ- 
ization is small, closer contact with the 
men of experience and leadership in the 
organization is possible. Elaborate class- 
room set-ups, essential in the big com- 
pany, are not necessary in the small one. 

It would seem that the sincere employer 
should consider high-quality training to be 
an obligation, and professional growth a 
challenge. It is certainly one way to help 
our young engineers “do more quicker” 
and to that extent have the effect of in- 
creasing our numbers, thus offsetting our 
present shortage. I think you know that 
training has had a prominent place in 
Westinghouse operation for a long time, 
and I can attest to its effectiveness in mak- 
ing engineers a part of the productive or- 
ganization quickly. 

In addition to a good program of train- 
ing, another measure employers can take 
to develop the individual is to urge their 
younger men to continue their education. 
Nothing enables a man to accomplish the 
maximum amount in his job better than 
good learning habits. His morale as a 
budding professional man is kept high if 
the employer encourages and assists him 
to supplement his college training by 
evening classes or guided self-study. In 
the graduate study programs we provide, 
in cooperation with ten universities, hun- 
dreds of our engineers are currently broad- 
ening their horizons through advanced edu- 
cation. Such study includes both tech- 
nical and general types of courses, and the 
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maturing and broadening effect is obvious 
to management. 

We recognize that physical location, or 
other factors, may not permit all organiza- 
tions to sponsor such formal programs of 
graduate study. However, encouragement 
and guidance from supervision will get 
many recent graduates started on their 
own in healthy self-improvement pro- 
grams. 

Another facet in the development of the 
individual employed in industry is his 
community life. Without going into de- 
tail, it ean be briefly stated that this ele- 
ment of growth is the one most frequently 
neglected by industry. 


Civic Development 


Engineers have a reputation for being 
backward in civie programs and civie de- 
velopment. By the time the engineer 
reaches forty years of age, he probably 
occupies a position of respect and some 
prominence in his community. Why wait 
fifteen or twenty years to get started? 
Give the junior engineer in your company, 
or in your engineering society, or in your 
community a job to do! Make sure he is 
welcomed, introduced to his seniors, and 
that his efforts are recognized. Give him 
tactful guidance, of course, but then look 
out for his smoke, for the energy and 
enthusiasm of youth, once kindled, is a 
powerful driving force. The employer is 
in a key position to make the initial effort, 
but only a few really make an effort. 

Finally, what happens when these 
young engineers begin to feel their pro- 
fessional oats; that is, when the transition 
period from academic life to practice is 
behind them and their horizons begin to 
broaden rapidly? At this point the em- 
ployer has another obligation to youth. 
We must never be guilty of blocking a 
man just because he has a healthy boss. 
We must stand ready to recognize de- 
veloped ability once it is present and keep 
the engineer whose “star is still rising” up 
to his limit in increasing responsibility. 
He will only continue to develop at a 
maximum rate if his work is a challenge to 
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his ability and experience, so that while he 
can keep his head above water, it is not 
without some struggle. If you are careful 
to place young engineers in jobs where 
continued challenge exists, you may be 
amazed to see how rapidly they grow to 
meet the opportunity that they, then, are 
able to see. 

This leads us directly into the whole 
subject of management development. We 
do not have time to discuss this subject, 
but I will remark that our organization 
has embarked upon a comprehensive, for- 
mal program of management development 
and we are confident of important results. 
It will insure that the more mature men 
of potential recognize the horizons before 
them and it should guarantee that no man 
will be unprepared when opportunity is 
present. Through this management de- 
velopment program, we will make our men 
of potential more effective in their jobs 
and ready for increased responsibility 
quicker. This has the collateral effect of 
increasing our numbers through the broad- 
ening of individuals. 


Conclusions 


Our profession of engineering is re- 
sponsible for most of the material prog- 
ress in the world. With each technological 
innovation, the position of the engineer 
becomes more prominent, and the role of 
the engineer more necessary. In the nine- 
teenth century, the engineer invented 
things and sometimes built things on a 
modest scale. In the past fifty years the 
engineer, besides inventing, became the 
expert on materials and processes, and 
thus ereated a mass production world, 
vastly complicated in nature. As we enter 
the second half of the twentieth century it 


is evident that the engineers are the ones 
who must be responsible if our accelerated 
pace is to be maintained. Furthermore, 
the engineers will have to run our enter. 
prise, for as cited at the beginning, with 
each increase in the complication of our 
technical society, an engineering back- 
ground becomes a requisite for more and 
more of the key jobs. Even today gradu- 
ate engineers fill more of the top manage- 
ment jobs than people of any other one 
educational background. This trend wil] 
continue until a preponderance of all key 
men of management will be engineers. 

What a tremendous responsibility this 
is! Our profession is rapidly ascending 
to a position where our members can, if 
they will, be the greatest single influence 
in the future of America. So we must 
keep our thinking broad in scope. We 
cannot allow our routine tasks to dull our 
vision. We can insure that young engi- 
neers receive guidance and work in an en- 
vironment that will preserve the American 
system of enterprise and stop the fuzzy, 
foggy, economic thinking that would de- 
stroy our loftiest ideals. We can do a 
professional job of providing healthy in- 
ternship for our junior members, includ- 
ing the proper introduction to their pro- 
fessional societies and their communities. 
Continued leadership of America can only 
be possible if our professional people are 
free to think and act as individuals in a 
free economy. Creative thought cannot 
endure in any other atmosphere. We owe 
the rising generation of engineers all the 
guidance we can offer, because they in 
turn are going to have to assume the re- 
sponsibility of bringing the next genera- 
tion into an even more complicated way 
of life. 











Critical Evaluation of Counseling Received 
as Undergraduate” 


By LILYAN B. BRADSHAW 
Placement Director and Assistant to the Dean, Ohio State University 


To anyone who has ever made a study 
evaluating opinions or impressions of hu- 
man beings there finally comes that fateful 
moment when he stares vacantly at a pile 
of statistics, that has been so painstak- 
ingly assembled, and asks himself, “Now 
that I’ve got it, what have I?” Facts and 
figures are interesting enough in them- 
selves but out of them must flow an analy- 
sis of information if they are to serve a 
purpose. 

To begin with I hope I am not assum- 
ing too much in stating that no one who 
ever attended college escaped the effects 
of counseling in some form. As we grow 
older much of the textbook material we 
worked so hard over as students fades into 
a limbo of the forgotten past (those pro- 
fessors who wrote the texts will please for- 
give me) while the wise counsel and help- 
ful advice we gleaned from kindly instrue- 
tors along the way remain forever with us. 

Student guidance and counseling are an 
irrefutable part of teaching. Whether a 
professor limits his contacts to the class- 
room or invites his students to his office 
for personal interviews he is serving as an 
advisor. The poet has said “There is a 
tide in the affairs of men which, taken at 
the flood, leads on to fortune.” If ever 
there is a time in a human’s life when he 
needs direction it is during the flood crest 
of youth, for it is then that his physical 
energy, mental keenness and acquisitive 
nature all assert themselves. Teeming as 
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he is with these vital factors and eager as 
he is to employ them to his ultimate ad- 
vantage, he recognizes the need of leaning 
on the counsel and wisdom of those more 
mature. It is for this reason that coun- 
seling received as undergraduates in our 
colleges is of the utmost importance and 
not something to be viewed as extra-cur- 
ricular and insignificant. 

This paper of course is concerned ex- 
clusively with engineers and a critical 
evaluation of the kind of counseling they 
have received as undergraduates in our 
universities. Because I have learned by 
association that engineering alumni of five 
minutes or fifty years are always most 
willing to look back on their college days 
and give forth quite freely with advice, I 
decided to contact a nationally representa- 
tive group of universities and ask for the 
cooperation of the deans in soliciting their 
alumni for answers to a rather brief ques- 
tionnaire. The schools selected extended 
from the east to the west coast and from 
Canada to the deep south. Out of 31 
schools thus approached only five refused 
to participate and in most cases for un- 
derstandable reasons. One other regret- 
fully admitted it never had had any form 
of counseling hence could anticipate the 
unanimity of negative replies our solicita- 
tion would receive. 

Each school was asked to select fifty 
alumni from the past ten years and send 
the questionnaire to them. From a total 
of 25 universities participating, 579 re- 
plies were received. 

It was interesting to note the similarity 
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of proportionate answers which prevailed 
regardless of the size of school or region 
of location. In other words the comments, 
attitudes, and opinions of engineers toward 
college counseling seem to fall into a defi- 
nite pattern which would have valuable 
- significance to any university attempting 
to set up or improve its guidance program. 

We found 311 had regular counseling 
while in college as opposed to 268 who did 
not. Such guidance was by a professor in 
280 cases, by the dean in 102 instances 
and by the placement director for 75. 
Group meetings were the source for 71 
while 34 claimed miscellaneous contacts. 
In 306 replies, counseling was voluntary 
and in 141, required. 


Surprising Answers 


Perhaps the most surprising answers 
were recorded to the question “Were you 
counseled during your freshman year con- 
cerning your choice of engineering as a 
career?” 244 answered “Yes” and 294 
said “No.” From this fact we judge that 
more than half of the students who elected 
to follow the curriculum of engineering 
were never questioned as to their suitabil- 
ity after they once entered. 

Faculty members who do not limit their 
interpretation of duty to the classroom 
alone but who take time to become per- 
sonally acquainted with their students are 
responsible for the overwhelming affirma- 
tive of 528 to 43 in answer to the question 
“Was there a member of the faculty to 
whom you could go to discuss your various 
problems with a feeling that you would be 
met with understanding and from whom 
you would receive a fair opinion?” 

Our next question opened the doors 
wide to criticism as we inquired “Where 
did your school fail most in counseling?” 
In spite of the implied assumption that it 
had failed almost every group had alumni 
who flatly stated “It did not fail.” But 
for those who took advantage of this op- 
portunity to critically evaluate under- 
graduate guidance the greatest fault was 
laid in the first year where it was felt 
that aptitude tests should have been used 
and student interests and capabilities an- 
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alyzed. Some regretted the lack of a well 
planned counseling system that extended 
not only throughout the entire college pe. 
riod but on into employment problems, 
Others wished a greater emphasis had 
been placed on the broad scope of engi- 
neering and its breadth of application, 
A few felt their faculties lacked sympathy 
or were not sufficiently experienced indus. 
trially. Some commented that there were 
too many students assigned to each coun- 
selor. Others decried counseling only for 
unsatisfactory work and the fact that 
their schools did not encourage faculty 
conferences. 

Constructive criticism poured forth in 
reply to the question, “What suggestions 
do you have for colleges of engineering 
whereby they could do a more thorough 
job of counseling their students?” These 
answers were stated in a most frank and 
helpful manner with some participants 
even expressing their appreciation for 
having been solicited. 


Desired Pattern 


Guided by these comments, the follow- 
ing pattern seems to be the one most 
desired by engineers. Careful analysis 
will divulge the fact that it is sound, ade- 
quate and not out of the reach of any 
average university staff to effectuate. 

First of all it was felt that guidance 
should begin in the high schools where 
early interests of young students could be 
directed in an exploratory way toward 
those subjects which are basic. Aptitude 
and intelligence tests were highly recom- 
mended during the senior year of high 
school and as a screening method prior to, 
and during, the freshman period. Close 
counseling on a compulsory basis through- 
out the first year of college was strongly 
advised with a follow-up for all students 
at the end of the second year to verify the 
sustention of engineering interest and 
capability. Lectures by industrial repre- 
sentatives should be open to lower classes 
and attendance encouraged. 

Heavily emphasized by the majority 
was the need to develop a closer faculty- 
student relationship and those who re- 
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alized the time factor which limits this in 
many schools, went further by urging that 
each faculty member should be regarded as 
a counselor and his teaching load adjusted 
accordingly. 

The importance of orientation courses, 
particularly in the first and last years, was 
pointed out. Also recommended were 
small, informal groups for counseling pur- 
poses in which alumni and upperclassmen 
could participate. It was felt that by this 
means, topics of mutual benefit could be 
developed and new ideas stimulated. This 
suggestion has particular value for the 
reticent type of youth. 

Two comments that were almost unani- 
mously made were: 


1. School should give advice on entire 
field of engineering training, and 

2. School should present frank and ac- 
eurate picture of industrial opportunities 
for engineers. 


It would seem that there is a lack of un- 
derstanding on the part of students as to 
the broad aspects of engineering training 
even on the educational level—and there is 
also a definite confusion in many of their 
minds as to just what their specific expee- 
tations might be in connection with the 
adaptation of their training to industry. 


Some felt that schools and industry © 


should develop a closer liaison. As a part 
of this program the values of inspection 
trips and summer work experience were 
emphasized. Favorable comments were 
made on the help that could be derived 
from industrial representatives as fre- 
quent campus speakers. Schools were ad- 
vised to urge the participation of young 
engineers in student activities as an in- 
valuable means of broadening their scope 
of development. 


Professional registration, and the part 
the college program should play in en- 
couraging it, was strongly brought out. 

The tremendous importance of courses 
in report writing and public speaking was 
underscored by many with only a slightly 
lesser number urging the value of the hu- 
manities for all young engineers. 

Placement offices and their extensive 
functions as a service to students and 
alumni came in for a great amount of 
comment. 


Strong Opinions 


Strong opinions were voiced on what 
made for a good counselor and the remark 
“Avoid over counseling or poor counsel- 
ing” appeared many times. Some alumni 
recommended that colleges employ full 
time professional psychologists or coun- 
selors but the majority seemed to feel that 
the most satisfactory type was found in 
the ranks of professors who had a broad 
outlook, a sympathetic interest in fellow- 
men, and a sound knowledge of industry 
through personal experience. 

Covering as this study did, alumni from 
classes of the past ten years there is the 
chance that much has already been ac- 
complished by American universities along 
the lines recommended. But whether that 
be true or not, it is helpful to know the 
weaknesses or fallacies in our counseling 
systems as now extant. Not many alumni 
ean look back on their youthful years and 
say, “I did not need guidance.” One of 
the greatest charms of youth is its willing- 
ness to listen (whether it acts as directed 
is often another matter) but the colleges, 
in serving as the training ground for 
young men and women, should assume the 
obligation of offering them the very best 
of guidance programs. 





Integrating the Activities of an Agricultural 
Engineering Department in a School 
of Engineering* 


By GEORGE A. MARSTON 
Dean of Engineering, University of Massachusetts 


I would like to make a few observations 
concerning Agricultural Engineering. In 
the first place, it is concerned with the 
applications of engineering principles to 
the agricultural industry, the largest in- 
dustry in this country. The. use of me- 
chanical and electrical power, the design 
of farm structures, the development of 
processing equipment, and the planning 
_of soil and water conservation are all a 

part of agricultural engineering. In prac- 
tically all cases these problems have in 
the past been satisfactorily solved by us- 
ing generally known engineering princi- 
ples of electricity, the internal combustion 
engine, structural theory and the proper- 
ties of materials. As a result, Agricul- 
tural Engineering has not demonstrated a 
need for or produced superior scientific 
knowledge. By comparison with Aero- 
nautical or Chemical Engineering, other 
fields that are also relatively new among 
the family of engineers (and I speak as a 
Civil Engineer myself), we do not find 
that Agricultural Engineering has had to 
go to basic scientific research and to push 
back the boundaries of knowledge to find 
the tools necessary to solve its problems. 
Agriculture is the oldest livelihood of 
mankind. Many of its methods have been 
handed down from generation to genera- 
tion. The opportunity to improve its 
procedures in our scientific age has been 
tremendous. Therefore, the Agricultural 


* Presented at Annual Meeting of ASEE 
at Dartmouth College, June 26, 1952. 


Engineer has found plenty of opportunity 
for practicing his profession almost with- 
out regard to his own scientific back- 
ground. The result has been a tendency 
for Agricultural Engineering to be slow 
in advancing from the vocational to the 
professional level. 


Breadth of the Field 


There is another point that I wish to 
eall attention to. Agricultural Engincer- 
ing is a much broader field than either 
Aeronautical or Chemical. In fact, it is 
in many ways a more diversified field of 
engineering than any of the others, taking 
its structures from the Civil, machine de- 
sign and the internal combustion engine 
from the Mechanical, farm power and 
equipment from the Electrical, and pos- 
sibly food processing from the Chemical 
Engineers. Thus, it is unique among the 
family of engineers—sort of like the cos- 
mopolitan child. This has its advantage 
but it makes Agricultural Engineering 
different—and to be different does not al- 
ways win acclaim in our times! 

I must certainly assume that most of 
you here today are interested in Engineer- 
ing Education. You must recognize that 
Agricultural Engineering will not become 
a highly regarded branch of engineering 
until those of you in educational work put 
your own house in order. Service courses 
in refrigeration, farm motors, farm equip- 
ment and farm structures, without at least 
physics and mathematics as prerequisites, 
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should not be called Agricultural Engi- 
neering courses. I suggest the term 
“Farm Mechanics” courses—however, call 
them what you will but not “engineering.” 
The service offered by the “tire engineer” 
in the local garage is not far different 
from some of the work offered in these 
courses. That doesn’t imply that they 
should not be offered for Agricultural stu- 
dents but don’t confuse others with this 
engineering title. Agricultural Engineer- 
ing curricula should include practically 
everything of the first three years of the 
Mechanical Engineering program: ther- 
modynamics, applied mechanies, electric- 
ity, and of course all the physics and 
mathematics required of the other engi- 
neering curricula. In fact, I often wonder 
if Agricultural Engineering education 
shouldn’t be at the graduate level, with a 
prerequisite a degree in M.E. or E.E. or 
C.E.—but let’s leave that for future con- 
sideration! 


Is Agricultural Engineering Needed 


Some will question the possibility of 
attracting qualified students with such an 
undergraduate program. It has long been 
a problem of Agricultural Engineering 
curricula, and I doubt if it will be solved 
until your group “sell” themselves to the 
employers of engineers. Even the indus- 
tries that manufacture primarily agricul- 
tural machinery have not been particu- 
larly vocal in expressing a need for this 
special kind of engineer. The trained 
civil, electrical or mechanical engineer 
with an interest in problems of agricul- 
ture finds himself with but slight handicap 
compared to the agricultural engineer. 
Possibly this is due to the poor scientific 
training some of our agricultural engi- 
neers have had in the past. 

Now, with this background as I see it, 
what about the integration of the activ- 
ities of an Agricultural Engineering De- 
partment in a School of Engineering? 
There are several “selling” points that 
make such a department a desirable addi- 
tion to an Engineering School. In the 
first place, this field brings almost un- 
limited problems of the applications of 
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engineering principles which can be suit- 
able investigation projects for staff mem- 
bers of all departments and at all levels 
of professional background. Often the 
instructor or young assistant professor 
finds it diffieult to get started on a re- 
search project which he feels has practical 
value and which has not been exhaustively 
explored before. Agricultural Engineer- 
ing provides plenty of opportunity for 
the young engineer to practice his pro- 
fession. 

Furthermore, agricultural engineering 
brings a spirit of service which is not al- 
ways found in other departments. The 
Agricultural Extension and Experiment 
Station work of the agricultural engineer- 
ing departments tends to broaden the out- 
look of staff members. Consulting work is 
normally a part of the activities of the 
staff of an engineering school, in some en- 
couraged and in others tolerated. Yet I 
know of no group that does more con- 
sulting work than the agricultural engi- 
neering departments through their exten- 
sion activities. The fact that this is gen- 
erally state- or federally-financed creates 
a spirit of service to the community at 
large that seems to me is more apparent in 
Agricultural Engineers than in others. 
There can be built up through the needs 
of this department a cooperative attitude 
on the part of all units of the School of 
Engineering. 


Training and use of Staff 


Other departments will readily accept 
the Ag. Engineer as part of the School if 
staff members are well qualified. Depart- 
ment heads have got to be aware that 
their colleagues in engineering schools are 
critical of the Agricultural Engineer who 
by training and experience and accom- 
plishments is really a good farm mechanic 
—valuable as he may be. There obviously 
cannot be two standards of qualifications 
for the professional ranks in the same 
school—one for Agricultural Engineers 
and one for the other fields. This often 
means that the service courses for Agri- 
cultural majors will have to be handled by 
non-engineers, whose advancement ceiling 
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is lower than the engineers, or by instruc- 
tors. Neither situation presents a serious 
problem if properly handled. I am con- 
vinced that the instructor who must offer 
refrigeration, for example, to dairy ma- 
jors who haven’t had physies will have to 
do a real teaching job. This experience 
will be fine if he advances to the profes- 
sional subjects. 

The oceasional use of Agricultural En- 
gineering staff members to handle engi- 
neering science courses, such as applied 
mechanics and strength of materials or 
engineering drawing and surveying, is a 
technique that can be used in integrating 
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this department into the School. It can 
create a spirit of cooperation in the over. 
all educational training of the engineers 
that will be most helpful. 


Conclusion 

Based upon five years of experience and 
a real interest in seeing Agricultural En- 
gineering develop, I feel that the logical 
place for such a department is in a schoo] 
of engineering. There are administrative 
problems involved but the ground is fertile 
for truely professional growth of Agri- 
cultural Engineering, which I am sure 
you all want. 


College Notes 


The story on the inclusion of philosophy 
courses in the University of Detroit cur- 
riculum announces an Arts College “in- 
vasion” somewhat unique in the history 
of engineering education. This is the first 
time an engineering college has placed 
such stress on philosophical principles. 


* ne oS 


Dr. Alfred W. Doll, Professor and 
Head of the Department of Physics at 
Pratt Institute, has been named Acting 
Dean of the School of Engineering to suec- 
ceed H. Russell Beatty. Dr. Doll received 
his education at the University of Penn- 
sylvania, Columbia University, and New 
York University. He is active in the 
ASME, the American Institute of Physies, 
ASEE, and Tau Beta Pi. He has been 
a member of the faculty of Pratt Institute 
since 1925, and has headed the Physics 
Department since 1938. Mr. Beatty, who 
has been at Pratt since 1937, will assume 
the Presidency of Wentworth Institute in 
Boston on July 1. He is a graduate of 
the University of Maine and New York 
University, and an experienced manage- 
ment engineering consultant. He holds 
membership in ASME, ASEE, and Tau 
Beta Pi. 


Two new engineering buildings were 
dedicated on March 26, 1953 at the Agri- 
cultural and Mechanical College of Texas. 
These were a Texas Engineers Library 
building and an engineering classroom 
and laboratory building. 


* * * 


Appointment of Dr. Albert G. H. Dietz 
as Acting Head of the Course in Building 
Engineering and Construction at the Mas- 
sachusetts Institute of Technology has 
been announced. Beginning July first the 
course will operate as part of the Depart- 
ment of Civil and Sanitary Engineering 
and its instructing staff will be included 
in this department. 


te * 


Appointment of Dr. William A. Patter- 
son as dean of engineering at Fenn Col- 
lege, Cleveland, Ohio, has been announced. 
Patterson, Fenn registrar since 1946, was 
appointed associate dean of engineering 
in February last year after former engi- 
neering Dean G. Brooks Earnest became 
Acting President. 





Distinguished Professor at the 
University of Kentucky 


By M. M. WHITE 


Dean, College of Arts and Sciences, University of Kentucky 


The problem of recognizing merit and 
holding personnel is met in all professions 
and in all fields of industry. Financial 
reward is always but one of many factors 
determining a man’s choice of jobs and in 
our Universities it is a relatively weak ele- 
ment. Fortunately, opportunity for serv- 
ice, security, and recognition are desired 
more than material gain. Were this not 
true, we could not hope to hold our out- 
standing young men for we cannot com- 
pete with government or with industry in 
monetary inducements. As a recognition 
of service and ability the College of Arts 
and Sciences of the University of Kentucky 
elects each year from its membership the 
“Distinguished Professor of the Year.” 


Privileges and Obligations 


The honor allows the man elected to 
have one semester on full salary free from 
all academic routines. It permits him 
complete freedom to develop his interests 
in his own way. He may spend the 
semester in his laboratory; he may gather 
research material in far places; he may 
go around the world; he may write a book 
in Florida or in California. During the 
nine years that we have had the program 
each of these things has been done by some 
professor. 

Following this semester the professor 
must deliver to his colleagues and the pub- 
lie a lecture based on his voluntary activ- 
ity. Every effort is directed to make this 
lecture and the reception following it an 
oceasion of interest to the academic com- 
munity and of honor to the Distinguished 
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Professor. A printed statement of the 
professor’s personal history and election 
to the honor, with mention of the title and 
date of the lecture, is mailed to approxi- 
mately four hundred individuals in other 
institutions. This list varies from year to 
year, being comprised mainly of persons 
interested in the field of the lecturer. 


Method of Selection 


The Dean of the College of Arts and 
Sciences appoints a committee of five staff 
members of professorial rank to conduct 
the election and arrange for the lecture. 
Usually staff members who have previ- 
ously held the honor constitute the major- 
ity of committee members. 

In the spring, the committee sends to 
each faculty member a request for one 
nomination selected from a list of all in- 
dividuals holding professorial rank with- 
out administrative duties. The request is 
accompanied by a list of eligible persons, 
a list of professors previously honored 
and a short statement of the basis upon 
which nominations are to be made. 

After the nominations have been re- 
ceived a ballot listing the highest three or 
four nominees is sent to the voters. If 
other ballots are required to give one 
nominee a majority, the nominee receiving 
the fewest votes on a given ballot is 
dropped from subsequent ballots. 

When one candidate has received a ma- 
jority of the votes, he is so informed by 
the chairman of the committee. He then 
makes arrangements with the Dean to be 
released from his usual duties during the 
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fall semester and selects an approximate 
topic and date for his lecture to be given 
during the spring semester. 


Functions Served 


1. The Distinguished Professorship 
promotes the prestige of the teacher 
among the University personnel. During 
the nine years that we have bestowed this 
honor the recipient has always been a man 
whose teaching ability was rated high by 
his colleagues. Research has played its 
part in the choice but has not been the 
primary factor in selection. You have 
probably noticed that a member of a Uni- 
versity Faculty, asked by a stranger what 
he does, is more apt to say that he is a 
physicist, an engineer, or a psychologist 
than that he is a teacher. Isn’t this be- 
cause he prefers to identify himself with 
the group which he thinks has the higher 
prestige? Yet we have great faith in the 
value of the teaching profession; we make 
sacrifices—certainly financial ones and 
often others, too—to belong to that pro- 
fession. There is delight in occasionally 
producing a really outstanding student. 
There is pleasure in having a good or 
average student thank you for what you 
have contributed to his learning whether 
by inspiration or by solid factual material. 
All of us have enjoyed these intangible 
values. But public recognition brings a 
zest of its own. 

2. Election to this honor gives security 
and pride of accomplishment to the re- 
eipient. It is an honor given by one’s col- 
leagues with a secret ballot. Administra- 
tive approval, increase in salary and rank, 
offers from other Universities are desir- 
able but this indication of confidence by 
fellowworkers is something quite different 
and probably more pleasing. 


3. Not only the immediate election yt 
the knowledge that there is to be one each 
year encourages faculty members to know 
and appreciate workers in other fields. In 
this age of specialized training and de- 
partmental organization, we must strive 
constantly for cross fertilization of ideas 
from many departments. 

4. Although the Administration has 
nothing to do with the election of the 
Distinguished Professor and little to do 
with the implementation, it receives bene- 
fits also. Members of the Administration 
see individuals from a different and un- 
fortunately limited point of view. Know- 
ing the evaluation of a man by his col- 
leagues is of great value. 

Another advantage to the Administra- 
tion is that destructive criticism may be 
reduced and scapegoating (with the Ad- 
ministrator the goat, of course) may be 
decreased. Constructive criticism is, of 
course, a very different matter. 

5. A final and important advantage of 
the Distinguished Professorship is the 
Faculty participation in important deci- 
sions. To participate in the election gives 
a feeling of belonging to the group. Each 
individual is a vital part of the whole. 

The whole program of the Distinguished 
Professorship depends by its nature upon 
faculty initiation, interest and activity. 
Such a program implemented by the Ad- 
ministration would be without meaning— 
or at least of very different meaning. 

Anything that will increase the active 
participation of the professor in the de- 
termination of the policies of our colleges 
is valuable. One is constantly delighted 
with the rich, lively, and exciting inven- 
tiveness and ingenuity of the so-called 
absentminded professor. 





The Role of Professional Licenses in 
Engineering Education* 


By EDWARD J. NUNAN 
President, New York State Society of Professional Engineers 


Those men who are about to embark 
upon Engineering as a career must expect 
inevitably to face the matter of a pro- 
fessional license. All 48 of the States as 
well as the District of Columbia now have 
a Professional License Law and the earlier 
in his eareer he obtains this license the 
better off he will be in the end. While it 
is true there are a few exceptions where 
licenses are not required, such as Federal 
employees, certain State and Municipal 
employees, employees of Corporations en- 
gaged in interstate commerce, employees 
of Corporations under the jurisdiction of 
a State Regulatory Body and individuals 
working under the direction of a licensed 
Engineer, it is my opinion that many of 
the exceptions are rapidly becoming out- 
moded. As a matter of fact I know that 
one of the largest Corporations in this 
country has decided upon a policy that 
will not permit any of their Engineer- 
ing employees to be designated by the 
title Engineer nor will they permit them 
to do any Engineering design or construc- 
tion which has to do with the safety of 
the public unless they have a Professional 
License. Many State, County and Mu- 
nicipal jobs now have a Professional 
License requirement. As a matter of fact 
the New York State Department of Public 
Works does not permit a man to take the 
Civil Service Examination for any grade 
including and above that of Senior Civil 
Engineer without a professional license 


* Delivered at the Middle-Atlantic Section 
Meeting, A.S.E.E., at Manhattan College, 
Dee. 6, 1952. 
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even though he may have a college degree. 
Many members of the Department of Pub- 
lie Works who have had long employment 
and neglected to get their professional 
licenses are barred from promotion be- 
cause at this late date they will not take 
time to study and prepare for a profes- 
sional license examination. 


Increases Stature 


A professional license always increases 
a man’s stature even though he may be 
holding a position which at the time does 
not require a license. It has benefited 
Engineering education through the neces- 
sity for accrediting Engineering College. 
Men graduating in law and medicine are 
required to take their license examina- 
tions immediately upon graduation from 
school, why not the Engineer. 

New York is one of the states which has 
established a plan under which graduates 
from registered courses may take their 
preliminary examinations when they are 
best fitted to do so. Under this plan they 
may take parts one and two of our ex- 
amination immediately upon graduation. 
These are the preliminary examinations 
and upon passing them the man is granted 
a certificate as an Engineer in Training. 
After completing four years of experience 
of a grade and character satisfactory to 
the board, Engineers in Training may then 
take part three. This is the final examina- 
tion for license and upon passing it the 
man is granted his professional license. 
This plan was adopted to permit young 
Engineers to be examined in the basic 
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principles of the profession while their 
training is still fresh in their minds. 
Previous to the change in this law, no one 
was permitted to take any of the examina- 
tions until they had acquired four years 
of satisfactory experience at which time 
they were permitted to take all three of 
the examinations. Under the new system 
a much higher percentage of candidates 
pass than in the cases where they took the 
entire examination at one time, after being 
out of college a minimum of four years. 
Those students who graduate in Engineer- 
ing and expect to follow Engineering as a 
profession will eventually have to face the 
matter of a professional license and the 
time to take that examination for a license 
is immediately upon graduation. 

The New York State Society of Pro- 
fessional Engineers as well as the National 
Society are doing everything within their 
power to see that men graduating in Engi- 
neering Courses are given all the informa- 
tion necessary to enable them to obtain 
their licenses. In many cases we do not 
have the opportunity to reach all of the 
students who should be so advised and it 
seems to us the proper way to handle this 
is through the Engineering Schools them- 
selves. Many men are now graduating 
without knowledge a license is necessary. 
I can think of no group of Engineers who 
should be more interested in the future 
of the Engineering Profession than those 
doing the teaching in our colleges today. 
They above all should be as much in- 
terested as any one in an Engineering 
License Law and its strict enforcement. 
In addition they have the complete con- 
fidence of all of their Engineering stu- 
dents and they above all should be the ones 
who should stress the advantages of an 
Engineering license and the methods of 
obtaining one. I know that here at Man- 
hattan College and at many other schools 
a great deal of effort is put forth to in- 
struct the students as to the method of 
obtaining their license and also advised as 
to the E. I. T. licenses, when the examina- 
tions are to be held and give them every 
encouragement and advice as to what they 
will have to expect in the nature of an 
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examination. I am firmly convinced that 
every Engineering School in the country 
should follow these lines of thought. It js 
the hope of our Society that eventually al] 
of those teaching Engineering in colleges 
will recognize the importance of obtaining 
a license of their own and in this way im- 
press upon all of their students the bene- 
fits to be derived from a_ professional 
license which in turn will make Engineer- 
ing the profession it deserves to be. 


Unionism 

There are many more advantages to be 
gained by having a professional Engi- 
neer’s license or an EF. I. T. certificate in 
that it serves to protect our profession 
from the restrictive practice of Unionism 
when its productivity must be greater than 
ever before, and it is the thought of many 
Engineers in Industry that if all of those 
men graduating in the profession had an 
E. I. T. Certificate when they apply for 
employment the Union problems would be 
much easier solved. The Taft-Hartley 
Act of course eliminates anyone with a 
Professional Engineering license from 
having to join any collective bargaining 
unit. I am firmly convinced that with 
proper education this can also be made 
to apply to the E. I. T. The policy of 
the National Society of Professional Engi- 
neers regarding collective bargaining by 
professional employees is as follows: 


**Tt is definitely unprofessional for a Pro- 
fessional Engineer professionally employed 
voluntarily to join a heterogenous Union 
dominated by or obligated to nonprofes- 
sional groups. The individual responsibility 
and independent judgement required of a 
Professional Engineer are incompatable with 
the regimentation fundamentally inherent in 
Unionization. Nothing in this statement 
shall be construed as a criticism of Engi- 
neers who may be forced to join a labor 
union against their will but Engineers in 
this predicament should seek to extricate 
themselves by due process of the law. 

“Nothing in this statement of principle 
shall be construed as a criticism of Engi- 
neers in Training who voluntarily join 4 
labor union when as a step in their practical 
Engineering training, they are temporarily 
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employed in nonprofessional or subprofes- 
sional work where their fellow workers are 
organized. When promoted to professional 
responsibilities however, the Engineer cannot 
continue in his labor union affiliation without 
sacrifice of professional status.’’ 


Much trouble has been experienced 
along these lines and one large industry 
that I know of has, at present, a strike 
which is forcing many E. I. T. men to be 
temporarily unemployed through no fault 
of their own. I would like to stress at 
this point that these men are not foreed 
to join a union. However, unless they 
are engaged in a supervisory capacity or 
in a very special job they become auto- 
matically a part of the office force of this 
organization which is controlled by a 
Union comprised of office workers. This 
Union comprises all of the office help such 
as stenographers, file clerks, blueprint 
machine operators, office boys, ete. In 
other words, it is a bargaining unit which 
comprises the entire office force of this 
organization outside the few of those em- 
ployed in a supervisory capacity and of 
course includes those young Engineers 
who are employed in various sub-profes- 
sional jobs and in Training Courses. As 
I said before it is not necessary for these 
young Engineers to join the Union; never- 
theless they are a part of this bargaining 
unit and whether they join or not they 
are automatically a part of it and to a 
large extent controlled by it and if a strike 
is called they are out of employment also. 
Some of the Engineers have E. I. T. Cer- 


College 


To bring industrial engineers current 
information in the rapidly expanding field 
of transistors, the Massachusetts Insti- 
tute of Technology will offer a Special 
Summer Program in Transistors and 
Their Applications from July 20 to 31 
during the 1953 Summer Session. The 
aim of the program, announced by Dr. 
Krnest H. Huntress, Director of the M.I.T. 
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tificates, others, do not although they do 
have a College Degree in Engineering. 
Again all are subjected to the high pres- 
sure tacties of various Union leaders and 
under these conditions are apt to get some 
erroneous ideas of their future. 


Conclusion 


For the reasons I have stated I believe 
that if all Engineering graduates had an 
K. I. T. Certificate when they applied for 
employment that we then might be able 
to do something for them. Our Engineers, 
due to their training, should be building 
toward future positions where their own 
individual imagination, abilities, and ini- 
tiative will enable them to take over an 
executive position. Certainly there is no 
place for this type of thinking in any col- 
lective bargaining group. 

Forty per cent of industrial manage- 
ment is Engineer trained replacing both 
the lawyer and the banker in top indus- 
trial posts. Engineering is and no doubt 
will continue to be our country’s third 
largest profession. 

We in the National and State Societies 
of Professional Engineers are endeavoring 
to do everything that we can to increase 
the professional conscienceness, ideals, and 
rewards for the Professional Engineering 
Career. We cannot do it alone. You, 
gentlemen, charged with the education of 
our future Engineers can do a great deal 
to help the profession. With your co- 
operation I am sure we will be successful. 


Notes 


Summer Session, will be to define those 
areas in which the transistor may have 
immediate application and to make some 
prediction of its future. Approximately 
one-fourth of the M.I.T. summer program 
will be devoted to a development of the 
theory of the operation of transistors, 


starting from familiar physical principles. 





Training in Research* 


By FREDERICK C. LINDVALL 


Chairman, Division of Engineering, California Institute of Technology 


The colleges and universities of the 
world during the past hundred or more 
years have provided an environment which 
has led to nearly all of the fundamental 


science upon which our present-day tech-’ 


nology is based. With very few excep- 
tions, tlie great names in science and the 
discoveries and principles with which 
those names are associated are those of 
professors and their students in the col- 
leges and universities. Does current spon- 
sored contract research conform to the 
academic objectives of training of stu- 
dents and the production of new knowl- 
edge? 

Industrial research and government lab- 
oratories contribute to the search for basic 
knowledge, but in view of the principal 
objectives of the laboratories of this type, 
we must expect them to be directed toward 
application and development and, there- 
fore, we must continue to look to the col- 
leges for our major advances in funda- 
mental science. This in itself is sufficient 
reason for emphasis on research and upon 
the training in research which comes 
through the efforts of the professors work- 
ing with their graduate students. These 
academic research efforts, in the past un- 
organized as they were and often poorly 
supported, have been successful both in 
output of useful results and in the inspira- 
tion given to students to continue the quest 
for knowledge. This method in basie sci- 
ence is a priceless asset which we must 
support and at the same time must pro- 
tect against the encroachment of develop- 
ment work with its inherent direction. As 


* Presented at the Annual Meeting, 
A.S.E.E., at Dartmouth, June 26, 1952. 
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Dr. Conant has said: “There is only one 
demonstrated method of producing basic 
knowledge; that is, by picking men of 
genius, backing them heavily, and leaving 
them to direct themselves.” 

A second reason for research in colleges 
is that teachers who engage in a reason- 
able amount of research maintain their 
professional effectiveness and inspire their 
students with the spirit of freedom of 
inquiry. 

A third reason, which is intimately re- 
lated to the first two, is that the students 
learn research, its spirit and techniques by 
seeing research done and by participating 
in the research program, first as aides or 
apprentices, and then as advanced gradu- 
ate students working as nearly as possible 
as independent investigators. Additional 
reasons for doing research are those of 
publie service to the local community, to 
the state and the nation, of assistance to 
the military, of cooperation with industry, 
—all of which are valid under qualifying 
cireumstances, but which are sometimes 
invoked as justification for work which 
might be better called “engineering de- 
velopment.” 

A Learning Experience 

Training in research is a learning ex- 
perience, perhaps more subjective than 
some of the more formalized courses of 
study, which involves an awakening of 
curiosity and a spirit of inquiry, coupled 
with methods and techniques. This spirit 
of research and the leadership which fos- 
ters it are prime factors in research train- 
ing: problems, facilities, organization are 
secondary. A real investigator with “seal- 
ing wax and string” equipment can give 
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a student far more than could be had from 
some types of elaborately implemented 
group effort rightly referred to as “or- 
ganized mediocrity.” The same good lead- 
ership ean bring out for the student facets 
of a problem which are contributions to 
basie science, although the objective of the 
problem, itself, may be applied research 
or development. A Langmuir might de- 
velop a dishwashing process and yet con- 
currently make vital contributions to basie 
knowledge of surface physics and chem- 
istry. The man who is doing the work has 
as much to do with the character of the 
research as the specific stated problem. 
Sponsored research in colleges today 
has reached enormous proportions. Some 
of this work has little or nothing to do 
with the academic program. In many in- 
stances, it is harmful to the teaching pro- 
gram because it dilutes the efforts of the 
teaching staff and brings to the campus 
full-time employees who do no teaching 
and oceupy space which is then not avail- 
able for. normal graduate student use. 
Frequently, large-scale projects operate 
under military security in separate build- 
ings and those members of the faculty 
who must spend time there are virtually 
inaccessible to the students. Other clas- 
sified projects in the regular campus 
buildings are objectionable because they 
require the blocking off or isolation of 
corridors or wings, and individual rooms 
bear the inhospitable notice, “Restricted 
Area—No Admittance.” Such activity is 
not in the spirit of academic freedom, 
of discussion, publication, or interchange 
of ideas. Except for a few who may be 
employed as part-time workers, students 
simply do not have access to this work, do 
not see the research in progress, and can- 
not be told about it by the professors. 
Such projects teach no research. 
Fortunately, better sponsored research 
ean be had if discriminatior and deter- 
mination are used in the acceptance of 
contracts so that work of fundamental and 
basic type can be done freely on the 
campus without restriction on publication 
or use of graduate students. Such spon- 
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sored work can provide the equivalent of 
graduate research assistantships, actually 
compensation for services rendered on 
those government funds which do not per- 
mit scholarship grants. Such association 
with research projects can be real re- 
search training, if the work is done by 
the faculty members and their students in 
the best academic tradition, rather than as 
an highly organized effort with adminis- 
trative procedures inappropriate to aca- 
demic life. 

High dollar value of the research con- 
tract need not lead to an excess of ad- 
ministration. One of the largest contracts 
in Physies at the California Institute of 
Technology—approximately $100,000 a 
year—includes a variety of studies in nu- 
clear physics with no administrative ma- 
chinery at all. The responsible professors 
are to be found not in their offices, but in 
the laboratory and, except for age, are 
indistinguishable from the graduate stu- 
dents. This effort has been highly suc- 
cessful in its output of fundamental 
knowledge. 

Another type of sponsored research on 
the CIT campus operated for several 
years with highly organized administra- 
tive procedures. The professors involved 
spent most of their time “directing” re- 
search, rather than participating in it. 
The equipment was elaborate and the 
work was done almost entirely by full- 
time non-academic employees. The whole 
atmosphere was inhospitable to graduate 
students, although they were encouraged 
to participate in the work. Instead stu- 
dents preferred to work on other things 
directly and intimately with professors in 
the personal, informal way in which aca- 
demic research developed, rather than in 
the impersonal, organized directed effort. 
We have subsequently substituted some 
anarchy and chaos for this particular or- 
ganized administration, encouraging the 
faculty members to work directly with 
their projects and are now successfully 
integrating graduate students with the 
several programs. 
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Over-expansion in Staff 


The availability of money for sponsored 
research, particularly from government 
sources, has tended toward over-expan- 
sion in staff and facilities in the colleges. 
In many of our schools the best teachers 
and research men have become so involved 
in project work that too little time is 
available for the personal student relation- 
ships which are needed for the best re- 
search training. Some colleges have used 
project money as a way of augmenting 
faculty salaries to hold personnel. Con- 
versely, in order to meet project commit- 
ments, new personnel have been employed, 
sometimes with the added inducement of 
a faculty position for its prestige value, 
with or without any teaching. The tenure 
commitments, stated or implied, to these 
new faculty members may present serious 
problems for the future, as project money 
becomes less readily available. 

Just as the faculty salary schedule in- 
flated with contract funds is a serious prob- 
lem, expansion with elaborate facilities is 
potentially hazardous. Large apparatus, 
such as wind tunnels and water tunnels 
which require crews for their operation, 
certainly are luxuries no college can afford 
if government support is not available. 
The fact that these facilities are govern- 
ment properties, which probably could 
not be removed, imposes some obligation 
on the schools to make them available for 
government work which, in the absence of 
easy project money, will be on the govern- 
ment’s terms. The colleges may find them- 
selves with operating contracts for the 
performance of work which is planned 
and directed by some government agency. 
Moreover, these larger facilities are diffi- 
cult for graduate students to use, even 
under present funding possibilities, so 
that, unless the work is very carefully 


plannned with the student’s interest jn 
mind, little of value in the teaching of 
research will accrue to the student. He 
may find employment which will help hin 
maintain himself in school and he may 
learn some things by osmosis, but he will 
lack that essential feeling of participation 
and the opportunity to follow some line of 
inquiry which is his own. 

At the California Institute of Technol- 
ogy, the Division of Biology, unhappy 
about student participation in sponsored 
research, has stated that graduate students 
may not be employed on sponsored re- 
search, but instead be granted scholar- 
ships which will permit them to pursue 
research which is simple, self-contained, 
and individual in character. The spirit 
behind this principle is that a student 
sharing in a sponsored research program 
with other students and under faculty 
supervision will not have the opportunity 
to use his own initiative and develop as 
a well-rounded research man. The rest 
of our campus does not share completely 
this belief, but recognizes its merits. 


Summary 


In summary, it may be stated that 
sponsored research which does not inte- 
grate with the fundamental objectives of 
an academic institution in the furtherance 
of basic knowledge and the teaching of 
students is out of place on a college 
campus. Uncritical acceptance of spon- 
sored projects may lead to poorer teach- 
ing and mediocre research. Wise use of 
the opportunities for sponsorship allows 
the colleges, working beyond their own re- 
sources, to meet their responsibility, far 
more effectively, for the search for new 
knowledge and the training of new re- 
search workers. 
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TIMELY TIPS 


The Optional Problem—A Teaching Device 


By WILLIAM K. VIERTEL 


Instructor, State University Agricultural and Technical Institute, Canton, N. Y. 


One of the most serious criticisms made 
of modern education is that it often leaves 
the superior student unchallenged while 
the instructor gives most of his efforts to 
the average students who make up the 
majority of his classes, particularly at the 
freshman level. The device of the op- 
tional problem is one way in which supe- 
rior students can be stimulated to do their 
best on work which challenges them. The 
writer has used it successfully over a pe- 
riod of ten years, in various technical 
courses. 

Optional problems may be assigned 
whenever the situation is ripe for them. 
This may be when the topic involved is 
taken up in class; or it may be when suit- 
able motivation arises. It is explained to 
the class that the word “optional” means 
what it says: students do the problem or 
not, as they wish. There is no penalty for 
not attempting it, and no penalty for at- 
tempting it and getting it wrong. For 
anyone who gets it right, appropriate 
credit is given. It may be added that stu- 
dents who can do these problems usually 
do not need any extra credit. A reason- 
able time is allowed to get the problem 
done, remembering that students have 
their regular work to do, in this and in 
other courses. 

It is required that students append to 
the solution, when submitted, a signed 
statement that the work has been done 
honestly. The reason for this is mostly 
psychological. The writer has examined 
several hundred papers on numerous dif- 
ferent problems, over a period of years, at 
two different colleges (one of which had 
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the honor system and one did not), and 
has yet to see any attempted solution of an 
optional problem which did not bear the 
unmistakeable stamp of the personality 
of the student who submitted it. 

Optional problems must be carefully 
selected, and should not be given too often. 
The ideal optional problem is one which 
very few students are likely to get right, 
so that they will have a feeling of some- 
thing unusual achieved if they succeed. 
The writer has always insisted on extra- 
high standards of accuracy and neatness 
in these problems. Errors in reasoning 
or computation, or careless presentation, 
cause rejection. Errors of judgment, in 
some cases, are considered permissible. 
An example of a problem of this type is 
included below. 

The enthusiasm with which superior stu- 
dents attack these problems is a continual 
surprise to the writer. He considers this 
proof, if any be needed, that students do 
accept their share of responsibility in the 
educational process, and will respond to 
a challenge. Students have said to the 
writer, “These optional problems are ag- 
gravating. I get interested in them and 
spend so much time on them that I don’t 
get my other work done.” 

Following are a few examples of op- 
tional problems the writer has used in 
teaching freshman engineering mathe- 
maties. 


(1) A stone is dropped in a well, and it 
is found that exactly 4.0 seconds (by 
stop-watch) elapses between the drop- 
ping of the stone and the time the 
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splash is heard. Assume 1100 ft./see- 
ond as the speed of sound. Calculate 
the depth of the well. 

A well-known parlor game is to ask 
someone to write down a three-digit 
number. (The first digit must not be 
the same as the last.) Have them 
write the number, reversed, immedi- 
ately above or below the original num- 
ber. (See example.) Sub- 
tract the two. Then write the 
difference, reversed. Add the 


712 
217 
495 
594 


1089 


last two numbers. The result 
is always 1089. 


The problem is to give a gen- 

eral proof that the result is 

always 1089. 
A car travels d miles, from Smith- 
town to Jonesville, at an average 
speed of 40 miles/hour. It makes the 
return trip at an average of 60 
miles/hour. Find the average speed 
for the round trip. 

It was on this problem that an error of 

judgment was considered permissible. If 

a student worked with decimals instead of 

common fractions, his answer did not 

come out exactly correct. 

(4) One of numerous devices to convert 
Centigrade temperatures to Fahren- 
heit, or the reverse, is to add 40 to the 
given temperature; multiply by % 
in the first case or 59 in the second; 
subtract 40 from the result. Exam- 
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ple: convert 40° Centigrade to Fahr. 
enheit. Add 40, giving 80. Multiply 
by %, giving 144. Subtract 40, giy- 
ing 104° F, 

The problem is to prove that this 
method is theoretically sound. 
Derive the rth term of the binomial 
expansion (a+ b)". Can be used only 
if the text-book used does not give 
this. 

(6) Explain in terms of logarithms the 
use of the right index of the slide rule 
in multiplication. 

(7) Prove that 


log, a= 


1 
log, b 
Prove the formula for sin (A + B) 
and cos (A+ B) if either A or B is 
greater than 90°. 
(9) Prove that 


sin A+ 08 B= 2 sin ( 


(8) 


( Various cases. ) 


A=? 445°) 

2 

X eos StS .. 45° 

2 

(10) Given a regular tetrahedron, edge 2. 
Let a plane be passed through one 
edge of the tetrahedron in such a 
way as to bisect the tetrahedron. 
Find the angles of the triangle so 
formed. 
Caleulate how to lay out a sector of 
a circle so that when formed into a 
cone it will have any given base 
radius r, and any given altitude h. 


College Notes 


A plan to aid industry through funda- 
mental research in engineering and science 
has been devised at Carnegie Institute of 
Technology. A regular and scheduled in- 
formation service has been set up by the 
institution. This information service 
makes available to cooperating companies 


reports on current research projects un- 
dertaken by individuals of the engineering 
and science departments. Cooperating 
companies are those organizations which 
give financial support for research to 
Carnegie. 
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January 2, 1952 
Prof. B. L. Wellman 
Worcester Polytechnic Institute 
Worcester, Mass. 


Dear Prof. Wellman: 


Your report of the East Lansing meet- 
ing, including as it did your invitation for 
expressions of opinion, has prompted 
these remarks. Having spent three years 
teaching engineering drawing and nine as 
a design engineer in varied industries, I 
feel that my views might be of interest to 
men currently engaged in teaching. 

Are integrated drawing courses more 
pedagogically sound and more efficient of 
time? 

I am not certain what is meant by an 
“integrated” course but I presume that 
this means, for example, that structural 
drafting should be taught by the civil en- 
gineering department in conjunction with 
the structural design courses rather than 
as a drafting course given by the drafting 
department. If such is the case, my an- 
swer would be “No.” 

There is almost irresistible tendency for 
the mechanics of drawing to become sec- 
ondary to the theory involved. Drawings 
degenerate in time to sketches on quadrille 
paper. In such a course, the final exami- 
nation almost invariably stresses the the- 
ory which has been studied. It is difficult 
to test a student’s improvement in draft- 
ing ability by a mere final examination. 
Only a drafting course which lays heavy 
emphasis on the grades for the drawings 
submitted serves to drive home the idea 
that the development of drafting skill of 
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DEVOTED TO THE INTERESTS 
OF ENGINEERING DRAWING 


JOHN M. Russ, Editor 
State University of Iowa 


a professional caliber is one of the prime 
objectives of engineering training. 

How can we convince the administra- 
tions that descriptive geometry is a vital 
part of an engineer's education? 

I have of course encountered dozens of 
situations where my knowledge of deserip- 
tive geometry saved the day. But more 
important, I have also had several dra- 
matic experiences where a design problem 
was mauled by so-called design draftsmen 
and where the office fat was pulled out of 
the fire by an engineer who had mastered 
descriptive. These instances, although 
they do not oceur daily in an office, occur 
frequently enough to cause run-of-the-mill 
draftsmen and unappreciative employers 
to hold their graduate engineers in greater 
esteem. 

Most schools offer only one semester of 
descriptive geometry. At the City College 
of New York, where I was an instructor 
from 1946-49, two semesters of descrip- 
tive were required; this, I feel, fills the 
need of our future engineers more ade- 
quately. 

What to do with students who have had 
drawing in high school? 

My feeling is to ignore this superficial 
training and require these men to do the 
same work as those students entering with 
no previous training in drawing. I say 
this because I numbered among my stu- 
dents many graduates from a local tech- 
nical high school which has a national 
reputation. These students had four 
years of drawing training in high school 
and openly expressed resentment upon 
being informed that they would be re- 
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quired to take the regular college course. 
I have heard such expressions in my class- 
room during the first few meetings and I 
used to deal with these dissidents by di- 
recting leading questions to them in the 
course of the first few lectures. After re- 
peated confessions of ignorance, the 
smoldering resentment was dissipated and 
the boys buckled down to do a swell job. 

The fault of course did not lie with the 
boys. I attributed the blame to their high 
school teachers who had led them to be- 
lieve that high school training in mechan- 
ical drawing is the equivalent of college 
training in engineering drawing. Until I 
see dramatic proof to the contrary, I will 
continue to reject that idea. The prin- 
cipal reason why high school training 
cannot match the caliber of college train- 
ing is that high school drawing is neces- 
sarily confined to simple objects requiring 
no preparation in descriptive geometry, 
and secondly, high school teachers gen- 
erally do not have the close connection 
with the preparation of engineering draw- 
ings that the college teacher has had. 

As a means of convincing the adminis- 
trations how important engineering draw- 
ing is (I would suggest that the deans 
organize seminars and conferences with 
leading engineers.in the community at 
which time they can discuss the general 
question, “How can we train our young 
engineers to turn out professional-looking 
drawings?” Interest should be high be- 
cause almost all offices pride themselves 
on their drawings. The expressions by 
practicing engineers will do much to con- 
vince the deans and presidents that draft- 
ing ability and mastery of descriptive 
geometry represent for engineers, not 
merely mechanical skills, but necessary 
professional skills. 

The importance of drawing itself in 
relation to the professional status of engi- 
neers. 

We have witnessed in recent years an 
attempt by some educators to relegate en- 
gineering drawing to a back seat on the 
campus. The result is that very few col- 
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leges, if any, can point to their graduates 
and say, “There is a group of young engi. 
neers who can step into any drafting room 
and do the professional job that is re- 
quired of them.” I have witnessed dozens 
of times the almost tragic first effort at 
drawing by a young graduate from ap 
accredited college. Viewing the grossly 
amateurish first drawing, the employer 
feels justified in offering the young engi. 
neer the meager salary which is current, 
because the average youngster simply can. 
not pull his own weight in the office. 

It seems to me that in this connection 
we engineers ought to borrow from the 
medical schools. One never hears of a 
young medical graduate being unable to 
tie a bandage, administer a hypodermie, 
perform simple surgery, ete. The lay 
public cannot differentiate between young 
and old doctors in the performance of 
elementary professional skills. The same 
ought to hold true for engineers. Our 
young graduates should be able to turn out 
professional looking drawings as well as 
the older, experienced men. Until such 
time, the status of the young graduate in 
an office, for several years after gradua- 
tion, will be below that of the technical 
school-trained draftsman working next to 
him. And his salary will be, and is, cor- 
respondingly lower. 

Those of us who are concerned with ad- 
vancing the profession both economically 
and socially must keep in mind that un- 
less we succeed in turning out a better col- 
lege product, starting salaries in the pro- 
fession will continue to be below that of 
current union rates for common labor. It 
will continue to require fifteen or more 
years of professional experience until the 
engineer achieves a financial status com- 
mensurate with the services he renders. 

An engineer who cannot put his design 
down on paper in conformity with cur- 
rent drafting standards ean do only half 
a job. Let us train our students to do a 
whole job. 

Very truly yours, 
David Singer 





Minutes of Executive Board Meeting* 


A meeting of the Executive Board of 
the American Society for Engineering 
Education was held on Monday, April 20, 
1953, at the Northwestern University, 
Evanston, Illinois. Those present were: 
W. R. Woolrich, President; M. M. Boring, 
J. H. Lampe, E. A. Walker, W. C. White, 
Vice Presidents; C. L. Skelley, Treasurer; 
A. B. Bronwell, Secretary; K. B. Me- 
Eachron, Sr.; and B. R. Teare. 


Annual Meeting 


The Secretary reported on the progress 
of Society activities and the plans for the 
Annual Meeting. 


Nominating Procedure 

The procedure for nomination of officers 
was discussed by the Board. It was sug- 
gested that the balloting procedure is not 
too well-known to the membership and 
that a summary of this procedure might 
be published in the May issue of the 
JOURNAL. 


Quarterly Report 


The Treasurer presented the statement 
of Receipts and Disbursements for the 
third quarter ending March 31, 1953. It 
appears that the income for the year will 
be from $2,000 to $3,060 over budget. 
Expenses will also be higher than budget, 
owing to an increase in printing costs of 
the JOURNAL OF ENGINEERING EpuUCcATION, 
the rising cost of supplies and sundry 
printing, ete. The hiring of an assistant 
secretary and an additional office secre- 
tary, as well as salary increases, have in- 
creased costs of operation. It appears at 
present that the expenses will be very 
close to income for the current year, al- 
though there may be « deficit. The finan- 
cial outlook for next year is somewhat 
better, owing to the success of the Asso- 
ciate Institutional Membership drive and 
the increased advertising revenue. 
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Report on Growth of Engineering Unions 


Mr. Karl B. McEachron, Sr., General 
Electrie Company, presented a summary 
of the problem facing the engineering 
profession, resulting from the growth of 
labor union activities in this field. He dis- 
cussed the positions taken by EJC and 
NSPE in testimony before Congressional 
Committees, relating to amendments to the 
Taft-Hartley law. He stated that Engi- 
neers’ Joint Council had refused to in- 
clude in its testimony the advocacy of the 
principle of “Freedom of Association” 
which would give the engineers an addi- 
tional degree of freedom through opera- 
tion in company associations. He empha- 
sized the fact that the present Taft- 
Hartley Law draws an Iron Curtain be- 
tween management and labor which is not 
in conformity with professional precepts. 
He also stated that labor unions cannot 
long survive without expanding their ac- 
tivities into other areas of interest to engi- 
neers and that this would ultmately result 
in their attempting to take over the tech- 
nical programs and building themselves 
up as a “Unity Organization” for the pro- 
fession. 

He reviewed some of the plans under 
consideration by his company and other 
companies for developing organizational 
channels, improving the professional 
status of the engineers, and improving 
their working conditions and facilities. 
This will be the subject of the Tuesday 
morning General Session. 

Several points were raised by Board 
Members. It was pointed out that a sub- 
stantial number of engineering graduates, 
probably those most vulnerable to union- 
ization, are not associated with engineer- 
ing societies and therefore are not reached 
by activities of the engineering societies 
in their attempt to forestall the growth 
of unionism. It was also pointed out that 
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the lack of spread in the salaries of engi- 
neers is cause of considerable discontent, 
since beginning engineers are hired at 
salaries not too much lower than those of 
engineers of 10 to 15 years experience. 
The greatest impact of unionism on the 
engineering profession would be a leveling 
down process which would destroy in- 
dividuality and outstanding achievement. 
Also, the better men are inexorably 
“swallowed-up” in the process of union- 
ization, regardless of whether they want it 
or not. 

An article written by President Wool- 
rich on this subject, entitled “The Engi- 
neering Profession—Leveling off to Medi- 
ocrity or Ascending to New Heights” was 
published in the April issue of the Jour- 
NAL OF ENGINEERING Epvucation. This 
article was forwarded to the Engineers’ 
Joint Council to be sent to all members of 
the Engineering Manpower Commission. 
The National Society of Professional En- 
gineers published this article in their 
Journal. Also copies were sent to the 
Deans of Engineering Colleges, since the 
projected plans of the engineering union 
organization contemplated setting up stu- 
dent organizations in engineering colleges. 


Engineers’ Joint Council 


The question was raised as to the pro- 
cedure used by EJC in formulating its 
policies and presenting testimony before 
Congressional Committees. It was pointed 
out that EJC cannot properly represent 
the Engineering professions unless all 
major policy matters are referred to the 
societies for their study and actions. 
Otherwise, the Unity Organization be- 
comes a separate entity with opinions of 
its own, independent of those of the con- 
stituent societies. 


Society Organization and Function 


Dean Teare, Chairman of the Commit- 
tee on Society Functions, was invited to 
attend the Executive Board meeting, since 
the Board had decided to devote this meet- 
ing to thinking ahead in problems relating 
to the Society organization and function. 
Dean Teare presented a progress report 


MINUTES OF EXECUTIVE BOARD MEETING 


on the preliminary thinking of the Com. 
mittee. The main concern of the Commit. 
tee is to study the Society operations wit) 
a view toward improving its organization 
and functioning. Dean Teare mentioned 
that the Committee has divided the main 
problem into four parts, assigned to sub- 
committees for study. The reports of the 
Sub-Committees will be carefully consid. 
ered by the Committee on Society Func. 
tions either prior to or at the time of the 
Annual Meeting. It is expected that this 
study will carry on into next year. 

Dean Teare enumerated the following 
factors which the Committee on Society 
Functions has under consideration : 


1. Diversity. The Society organization 
has grown in many divergent directions 
and there seems to be need for a careful 
review of the Committee and Division 
Structure so as to achieve better coordina- 
tion and minimize duplication of effort. 

2. Flow of ideas. Many of the prin- 
cipal Society projects have been suggested 
by officers of the Society. Although some 
worthwhile projects have been initiated by 
Committees and Divisions, there is need 
for more activity in this direction. It has 
been suggested that if the Division and 
Section Chairmen are made members of 
the General Council, a closer working 
liaison would be established between the 
General Council and the operations in 
Divisions and Sections. 

3. Increasing the effectiveness of units 
of the Society. The problem of increasing 
the operational effectiveness of the various 
Divisions, Committees, and Sections of 
the Society is being considered by the 
Committee. One of the principal prob- 
lems seems to be that of travel expense. 
Experience has shown that Committees 
which meet at reasonable intervals achieve 
a higher degree of success and accomplish- 
ment than those which meet once a year 
at the Annual Meeting. On the other 
hand, travel appropriations can be costly, 
as pointed out by the fact that the travel 
expense of the other major engineering 
societies equals more than half the total 
ASEE Annual Budget. 
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4, Size, composition, and function of 
the General Council and Executive Board. 
This is a problem of studying the optimum 
organization and lines of administrative 
control with respect to the Divisions, Sec- 
tions, and Committees in order to achieve 
close cooperation and efficient operation. 
The problem also consists of studying ways 
in which the most competent people can 
be inducted into Society activities and 
moved along into administrative positions. 

5. Service to the individual member. 
This consists of a study of the scope of 
operations of the Society as it pertains 
to the benefits derived by the individual 
member. This problem is related to costs 


of operation, since the providing of exten- 
sive collateral services to individual mem- 
bers requires adequate Headquarter staff 
and increases the operational expense. A 
phase of this study will be that of the role 
of Summer Schools and Branches in the 
Society’s program. 


Dean Woolrich emphasized the dangers 
of embarking upon a program to pay 
travel expenses of Society members to at- 
tend Committee meetings, pointing out 
that most of the Societies have large travel 
budgets which consume a very substantial 
portion of the dues of the individual mem- 
bers. Once a travel budget has been ex- 
panded, it is virtually impossible to con- 
tact it. 

The Secretary suggested that arrange- 
ments be made to hold meetings of ASEE 
Committees and Executive groups of the 
Divisions at the time of the Fall meetings 
of the ECAC and ECRC. These meetings 
have grown in importance and attendance 
and they could provide a common meeting 
ground for ASKE activities. This would 
give Committees and Divisions an oppor- 
tunity to formulate their activities for the 
year and get off to an early start. This 
plan was approved in general principle 
by the Board. 

One of the principal problems in the 
Society operation is that of getting the 
most competent people assigned to the 
principal Society functions. It was sug- 
gested that President Woolrich send a 


letter to the Chairman of Divisions urging 
them to give this matter careful considera- 
tion and to plan their nominations of 
Divisional officers sufficiently far in ad- 
vance to make a careful study of the pos- 
sible candidates and their qualifications. 

In outlining the current operation of 
the Society, the Secretary stated that the 
Divisions, Committees, and Sections were 
allowed considerable latitude in their oper- 
ations. The Secretary’s office attempts to 
maintain a liaison between the various 
units and keeps them informed on major 
Society activities through the President’s 
Newsletters, the JourNAL and other media. 
The limited size of office staff makes it 
necessary to focus much of the attention 
on the principal Society projects and fol- 
low these through to maturity. An in- 
crease in office staff has been necessary in 
order to handle the rapidly growing ac- 
tivities of the Society. At present the 
secretarial staff is seriously overloaded 
and a further increase seems inevitable. 

Dean Walker stated that there are a 
number of areas where the ASEE should 
take an active role in arranging confer- 
ences, such as instrumentation, electronic 
computers, ete. 

The possibility of coordinating the pro- 
gram of the Section meetings with the 
national activities of the ASEE was dis- 
eussed. This might be accomplished by 
arranging sub-groups in the various Sec- 
tions which would cooperate with the Divi- 
sions and Committees of the Society, thus 
providing for a flow of ideas into the See- 
tions as possible material for Section pro- 
grams. 

Dean Lampe advised against turning 
the Section meetings into a National meet- 
ing, stating that many of the Section 
meetings have a high degree of individual- 
ity and purpose of their own which might 
be destroyed by attempts to control from 
above. 

The Executive Board discussed various 
proposals which have been advanced for 
improving Section operations by either re- 
locating Section boundaries in order to 
shorten travel distances or by instituting 
Sub-Sections within the present frame- 





588 


work of the Sections of the Society. It 
is believed that a reduction of travel dis- 
tances would increase attendance of the 
younger faculty members at Section meet- 
ings. This problem will be referred to the 
Sections for their consideration. 

Dean Woolrich urged that each Section 
consider establishing a committee to de- 
velop relations with industry in its geo- 
graphical area. The highly successful 
operations of the Division of Relations 
with Industry has demonstrated what can 
be done in this field of activity. The Rela- 
tions with Industry Division has offered 
to cooperate with any Section of the So- 
ciety in this type of operation. 

It was pointed out that the Summer 
School programs might be improved by 
increasing the amount of time devoted to 
them, so as to make it possible to explore 
the curricular areas more deeply. 

Dean Teare mentioned that one of the 
proposals under consideration by the Com- 
mittee on Society Functions is that of 
electing the President one year in advance 
and having him serve as an ex-officio mem- 
ber of the Executive Board so as to be 
informed on current Society affairs. Also, 
the Committee on Society Functions has 
given some consideration to the possibility 
of a central nominating committee to sug- 
gest personnel for consideration as officers 
of Divisions and Sections of the Society. 


Young Engineering Teachers’ Paper 
Contest 


The Secretary reported that most of the 
Sections had submitted entries in the 
Young Engineering Teachers’ Paper Con- 
test and that the Regional Judging Com- 
mittees are making the semi-final selec- 
tions. 


ASEE Sponsorship of Education 
Conferences 


The proposal of Vice President White 
for establishing an ASEE policy relative 
to sponsorship of Educational Confer- 
ences was presented to the Board. Briefly 
this policy would make it possible for the 
ASEE to endorse an engineering confer- 
ence provided that: 
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. it deals with engineering education, 

. it has responsible management, 

. there are no financial obligations to 
the Society, 

. one or more ASEE members are ac- 
tively working on the planning com. 
mittees. 


The ASEE Executive Board would be 
given authority to approve ASEE spon- 
sorship. This proposal will be referred 
to the General Council in June. 


Fall Meetings of ECAC and ECRC 


The Executive Board gave consideration 
to a possible theme for the Fall meeting 
of the ECAC-ECRC which will be held 
in conjunction with the ECPD Annual 
Meeting at the Statler Hotel, New York, 
October 15-17, 1953. One suggestion was 
that the ECAC and ECRC combine to de- 
velop a program on a general theme of 
the factors influencing creative thinking 
in engineering practice. No action was 
taken. 

President Woolrich suggested that Dean 
Allen of CCNY be appointed as Chair- 
man of the Fall meeting. The Executive 
Board approved. 


Associate Institutional Membership 


The Secretary stated that the Commit- 
tee on Associate Institutional Membership, 
under the chairmanship of Jesse McKeon, 
is now contacting a large number of in- 
dustries which have substantial engineer- 
ing operations in order to expand the As- 
sociate membership in the Society. The 
Executive Board voted to accept the ap- 
plications of the following companies for 
Associate Institutional Membership. 


a) United Aircraft 

b) ALCOA 

ce) IBM 

d) Sandia Corporation 

e) U.S. Steel 

f) Institute of Paper Chemistry 
g) Procter & Gamble 


ECPD Appointment 


A request from Dean Saville to appoint 
Professor Merryfield of Oregon State 
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College to succeed Professor Mockmore 
was approved by the Board. 


Bank Resolution 


The Executive Board voted in favor of 
a bank resolution permitting the Secretary 


to sign checks on a small petty cash ac- 
count at the First National Bank in 
Evanston. 

Respectfully submitted, 


ArtTHuUR BRoONWELL, 
Secretary 


College Notes 


The George Washington University 
School of Engineering has announced that 
beginning next Fall it will offer a full 
curriculum leading to a Master of En- 
gineering degree. This is the first time 
that such a program has been available at 
the University. Dean Martin Alexander 
Mason, of the School of Engineering, said 
that graduate degrees awarded under this 
plan would be in general engineering, not 
in any particular field. This, he said, is 


based on a policy to emphasize scientific 
principles and their application to engi- 
neering problems rather than to promote 
engineering as a particular art. 

Present plans call for a division of the 
curriculum in three parts: one-half will 
cover up-to-date engineering problems; 
one-fourth will deal with mathematics; 
and one-fourth will be a review of modern 
principles of physics. 


In the News 


The Foundry Educational Foundation 
has announced that Mr. E. J. Walsh has 
become the Executive Director of the 
Foundation. The former Director, George 
K. Dreher, has joined the Waukesha 
Foundry Company as Manager of the 
Casting Division and a Director of the 
Company. 

* ee ¢@ 

Fourteen American geneticists have re- 

ceived grants from the National Science 


Foundation to attend the Ninth Inter- 
national Congress of Genetics in Bellagio, 
Italy, August 24-31, 1953. The awards 
were made from 120 applicants on the 
basis of their contribution to research in 
genetics. In making the selections,’ the 
National Science Foundation was guided 
by the recommendations of the Genetic 
Society of America. 





Section Meetings 


Section Location of Meeting Dates Chairman of Section 
Allegheny West Virginia April 17-18, CC. H. Cather, 
University 1953 West Virginia Univer. 
sity 
Illinois-Indiana Rose Polytechnic May, 16, 1953 H. A. Moench, 
Institute Rose Polytechnic 
Institute 
Kansas-Nebraska Kansas State College Oct. 9-10,1953 M. H. Barnard, 
University of Nebraska 
Michigan Detroit Institute of May 9, 1953 C.C. Winn, 
Technology Detroit Institute of 
Technology 
Middle Atlantic University of Delaware May 2,1953 C. Bonilla, 
Columbia University 
Missouri Washington University April 11, 1953 G. F. Branigan, 
University of 
Arkansas 
National Capital Area Howard University May 9,1953 ~=L. K. Downing, 
Howard University 
New England University of Vermont Oct. 10, 1953 E. T. Donovan, 
University of New 
Hampshire 
North Midwest Marquette University Oct. 9-10, 1953 A. B. Drought, 
Marquette University 
Ohio University of May 2,1953 H. K. Justice, 
Cincinnati University of 
Cincinnati 
Pacific Northwest Washington State April 24-25, J. P. Spielman, 
College 1953 Washington State 
College 
Pacific Southwest San Jose State College Dec. 29-30, C. M. Duke, 
1953 University of Califor- 
nia at Los Angeles 
Rocky Mountain University of April 11,1953 C. A. Hutchinson, 
Colorado University of 
Colorado 
*Southeastern North Carolina State D. V. Terrell, 
College University of 
. Kentucky 
Southwestern University of April 3 & 4, M. L. Ray, 
New Mexico 1953 University of Houston 
Upper New York Rochester Institute of October, 1953  F. E. Almstead, 
Technology State University of 
New York 


Members of the Society are welcome at all Section Meetings 
* No Date Set. 
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New Members 


ALDERMAN, ALFRED A., Divisional Supervisor 
of Technical Training, Fisher Body Div., 
General Motors Corp., Detroit, Mich. K. 
A. Meade, E. L. Yates. 

BarrD, Houuis §8., Instructor in Physics, 
Northeastern University, Boston, Mass. 
C. D. Johnson, W. T. Alexander. 

BALDWIN, Bruce B., Associate Professor of 
Mechanical Engineering, University of 
Cincinnati, Cincinnati, Ohio. H. K. Jus- 
tice, J. W. Beatty. 

BauM, Rosert M., Physicist-Engineer, Syl- 
vania Electric Products, Ine., Newton, 
Mass. K. L. Horowitz, R. B. Leng. 

BENNETT, JAMES L., Instructor in Engineer- 
ing, Junior College of Kansas City, 

H. O. Croft, C. M. 


Kansas City, Mo. 
Wallis. 

BIEHL, JOHN F., Mechanical Engineering, 
University of Cincinnati, Cincinnati, Ohio. 


P. K. Johnson, H. P. Rodes. 

BIGNELL, JAMES F., Acting Professor of En- 
gineering Drawing, University of Tampa, 
Tampa, Fla. W. J. Luzadder, J. N. 
Arnold. 

Birrp, JAMES P., Instructor in Engineering, 
Junior College of Kansas City, Kansas 
City, Mo. H. O. Croft, C. M. Wallis. 

BLEAKLEY, WILLIAM B., Assistant Professor 
of Petroleum Production Engineering, 
University of Tulsa, Tulsa, Okla. W. L. 
Nelson, R. L. Langenheim. 

BoGHOSIAN, WILLIAM H., Moore School of 
Electrical Engineering, University of 
Pennsylvania, Philadelphia, Pa. H.Sohon, 
J. R. Warren, Jr. 

BourNE, HENrY C., JR., Assistant Professor 
of Electrical Engineering, Massachusetts 
Institute of Technology, Cambridge, Mass. 
C. E. Tucker, K. L. Wildes. 

BoyaJIAN, ARAM, Consulting Engineer, 55 
Stratford Ave., Pittsfield, Mass. C. E. 
Tucker, G. 8. Brown. 

Brown, SANBORN C., Associate Professor of 
Physics, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. W. R. Wool- 
rich, R. B. Finch. 
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BUNTON, LAWRENCE O., Associate Professor 
of Textile Engineering, Texas Techno- 
logical College, Lubbock, Tex. C. C. 
Perryman, O. A. St. Clair. 

ButHop, ARTHUR P., Professor and Head of 
Petroleum Refining, University of Tulsa, 
Tulsa, Okla. R. L. Langenheim, J. C. 
Klotz. 

CarTER, WILLIAM J., Associate Professor of 
Mechanical Engineering, University of 
Texas, Austin, Tex. M. C. Begeman, L. 
F. Kreisle. 

CHANG, YI-CHUNG, Assistant Professor of 
Chemical Engineering, University of 
Tulsa, Tulsa, Okla. R. L. Langenheim, 
W. L. Nelson. 

DAHLMAN, JOHN E., College Relations Rep- 
resentative, Glenn L. Martin Co., Balti- 
more, Md. F. W. Slantz, C. M. Merrick. 

Davis, GrorGE E., Lecturer in Engineering 
Design, University of California, Berkeley, 
Calif. C. F. Garland, J. L. Meriam. 

Davis, STEPHEN R., Instructor in Mechanical 
Engineering, University of Delaware, 
Newark, Dela. J. I. Clower, H. 8. Bueche. 

DosyNns, SAMUEL W., Assistant Professor of 
Civil Engineering, Virginia Military In- 
stitute, Lexington, Va. R. A. Marr, Jr., 
J. H. C. Mann. 

DURDEN, JOSEPH C., JR., Assistant Professor 
of Engineering Drawing and Mechanics, 
Georgia Institute of Technology, Atlanta, 
Ga. W. B. Ratterree, R. K. Jacobs. 

DuWELIUs, THoMAs A., Assistant Professor 
of Civil Engineering, Rose Polytechnic In- 
stitute, Terre Haute, Ind. H. A. Moench, 
E. A. MacLean. 

Eaton, Paut T., Associate Professor of In- 
dustrial Engineering, Georgia Institute of 
Technology, Atlanta, Ga. R. N. Lehrer, 
W. W. Cox, Jr. 

EDGERTON, HaroupD E., Professor of Electri- 
eal Engineering, Massachusetts Institute 
of Technology, Cambridge, Mass. C. E. 
Tucker, K. L. Wildes. 
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FisHER, Robert A., Assistant Professor of 
Chemical Engineering, University of Den- 
ver, Denver, Colo. A. E. Paige, M. P. 
Capp. 

Foster, DONALD V., Assistant Professor of 
Industrial Electricity, Pennsylvania State 
College, State College, Pa. E. A. Walker, 
K. L. Holderman. 

Foster, EpwarbD, Associate Professor of 
English, Georgia Institute of Technology, 
Atlanta, Ga. W. R. Woolrich, A. B. 
Bronwell. 

Fyre, Ian M., Instructor in Mechanical En- 
gineering, University of Delaware, Newark, 
Del. (Home: 201 8S. Swarthmore Ave., 
Swarthmore, Pa.). J. I. Clower, R. V. 
Canning. 

GANZER, VICTOR M., Associate Professor of 
Aeronautical Engineering, University of 
Washington, Seattle 5, Wash. J. B. Mor- 
rison, R. H. Smith. 

GiET, GrorGE R., Professor of Electronics, 
U.S.N. Postgraduate School, Monterey, 
Calif. R.S. Glasgow, C. V. O. Terwilliger. 

HANNAH, Horace W., Associate Professor of 
English, Drexel Institute of Technology, 
Philadelphia, Pa. R. C. Disque, C. A. 
Kapp. 

Hartwig, WILLIAM H., Assistant Professor 
of Electrical Engineering, University of 
Texas, Austin, Tex. R. D. Slonneger, W. 
F. Helwig. 

HeprIck, J. E., Professor of Chemical Engi- 
neering, Cornell University, Ithaca, N. Y. 
J. C. Smith, F, H. Rhodes. 

HENNEBERG, WALTER, Associate Professor of 
English, Drexel Institute of Technology, 
Philadelphia, Pa. H. R. Bintzer, R. 8. 
Hanson. 

HETTINGER, Maruias, Assistant Professor 
of Engineering, University of Buffalo, 
Buffalo, N. Y. P. E. Mohn, F. P. Fischer. 

HirTHE, WALTER M., Instructor in Mechani- 
cal Engineering, Marquette University, 
Milwaukee, Wis. J. E. Schoen, A. B. 
Drought. 

HoaG, J. Barton, Head, Science Depart- 
ment, U. S. Coast Guard Academy, New 
London, Conn. 8. L. Smith, E. R. Rivard. 

Hoscoop, ALTON A., Assistant Professor of 
English, Georgia Institute of Technology, 
Atlanta, Ga. B. L. Brown, E. Foster. 

Horton, Horace R., Assistant Professor of 
Electrical Engineering, Missouri School of 
Mines, Rolla, Mo. C. J. Grimm, J. B. 
Butler. 


NEW MEMBERS 


HUFSTEDLER, Rosert §., Instructor in Chem 
istry, Colorado School of Mines, Golden, 
Colo. W. H. Dumke, R. A. Baxter. 


JACKSON, KENNETH B., Professor and Head. 
Applied Physics, University of Toronto, 
K. F. Tupper, 


Toronto, Ont., Canada. 
A. Wardell. 

JENKINS, LEo B., JR., Instructor in Electr. 
eal Engineering, University of Louisville, 
Louisville, Ky. M. G. Northrop, H. T. 
Smith. 

JENSEN, Max A., Associate Professor of 
Agricultural Engineering, State College of 
Washington, Pullman, Wash. J. Roberts, 
E. B. Moore. 

JOHNSON, Epwarp F., Instructor in English, 
Newark College of Engineering, Newark, 
N. J. J. H. Pitman, J. T. Shaweross. 

JONES, LLEWELLYN E., Assistant Professor 
of Mechanical Engineering, University of 
Toronto, Toronto, Ont., Canada. L. §, 
Lauchland D. G. Huber. 

KENNEDY, JOHN J., Instructor in Civil En- 
gineering, The Citadel, Charleston, S. C. 
J. C. Key, J. Anderson. 

KIgSELBACH, Davip J., Educational Special- 
ist, U. 8. Air Force, Hayward, Calif. 
C. A. Rumble, W. W. Van Skiver. 

Kortu, Henry, Instructor in Mechanical 
Technology, L. I. Agricultural and Tech- 
nical Institute, Farmingdale, N. Y. W. 
L. Rogers, D. W. Allee. 

KruGer, Frep W., Associate Professor of 
Mechanical Engineering, Valparaiso, Ind. 
H. C. Hesse, C. G. Peller. 

LESSARD, RoGer, Associate Professor of 
Mathematics, Ecole Polytechnique, Mon- 
treal, Canada. H. Gaudefroy, C. R. 
Godin. 

LinpBERG, Roy A., Assistant Professor of 
Mechanical Engineering, University of 
Wisconsin, Madison, Wis. C. A. Gilpin, 
P. H. Hyland. 

MAINI, WiLuiAM L., Instructor in Building 
Engineering and Construction, Massachu- 
setts Institute of Technology, Cambridge, 
Mass.. W. C. Voss, W. H. Gumpertz. 

MARSHALL, THOMAS A., JR., Secretary, En- 
gineers’ Joint Council, 29 West 39th St., 
New York 18, N. Y. Thorndike Saville, 
A. B. Bronwell. 

MarTINEZ, JOSE E., Assistant Professor of 
Civil Engineering, University of New 
Mexico, Albuquerque, N. M. W. ©. 
Wagner, R. Foss. 





NEW MEMBERS 


MaTTE, ANDREW L., Associate Professor of 
Electrical Engineering, Polytechnic In- 
stitute »f Brooklyn, Brooklyn, N. Y. C. 
C. Whipple, W. A. Liswer. 

MENKES, SHERWOOD B., Lecturer in Mechani- 
eal Engineering, City College of New 
York, New York, N. Y. G. J. Bischof, 
A. L. Steinhauser. 

MICHAELS, ALAN S., Assistant Professor of 
Chemical Engineering, Massachusetts In- 
stitute of Technology, Cambridge, Mass. 
W. R. Woolrich, A. B. Bronwell. 

Moon, GeorGeE D., Instructor in Chemical 
Engineering, University of Cincinnati, 
Cincinnati, Ohio. H. K. Justice, C. 
Wandmacher. 

MoreaN, NEwLIn D., JR., Associate Pro- 
fessor of Civil Engineering, University of 
Wyoming, Laramie, Wyo. H. T. Person, 
E. J. Lindahl. 

NEWTON, GEorRGE C., JR., Associate Professor 
of Electrical Engineering, Massachusetts 
Institute of Technology, Cambridge, Mass. 
©. E. Tucker, G. 8. Brown. 

O’BRIEN, RoBERT G., Personnel Representa- 
tive, Johns Hopkins University, Applied 
Physics Laboratory, Baltimore, Md. C. 
E. Tucker, C. L. Townsend. 

OorTHUYS, HENDRIK J., Assistant Professor 
of Electrical Engineering, Purdue Univer- 
sity, Lafayette, Ind. L. E. Beck, C. R. 
Nichols. 

OROWAN, EGoN, Professor of Mechanical 
Engineering Massachusetts Institute of 
Technology, Cambridge, Mass. C. R. 
Soderberg, A. L. Townsend. 

Papis, LEO A., Assistant Professor of Me- 
chanical Engineering, Virginia Polytechnic 
Institute, Blacksburg, Va. E. D. Harri- 
son, J. B. Jones. 

PEARSON, JAY F. W., President, University 
of Miami, Coral Gables, Florida. J. H. 
Clouse, C. E, Anderson. 

PEASE, WILLIAM M., Associate Professor of 
Electrical Engineering, Massachusetts In- 
stitute of Technology, Cambridge, Mass. 
W. R. Woolrich, A. B. Bronwell. 

PLass, Haroup J., JR., Assistant Professor 
of Engineering Mechanics, University of 
Texas, Austin, Tex. M. V. Barton, B. E. 
Short. 

PorTER, ALBERT O., Dean of Engineering, 
State University of New York Maritime 
College, Ft. Schuyler, N. Y. Bro. Aman- 
dus Leo, J. J. Foody. 
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Price, Rosert H., Assistant Professor of 
Physica! Chemistry; Chemical Engineer- 
ing, University of Cincinnati, Cincinnati, 
Ohio. W. E. Restemeyer, KR. T. Howe. 

Proctor, CHARLES L., Instructor in Engi- 
neering, Southern State College, Magnolia, 
Ark. G. F. Branigan, W. H. Barnette. 

REIzIss, DANIEL, Instructor in Machine De- 
sign, The Cooper Union, New York, N. Y. 
E. M. Griswold, K. E. Lofgren. 

RIGHTLEY, EpwarpD C., Assistant Professor 
of Mechanical Engineering, University of 
New Mexico, Albuquerque, N. M. C. T. 
Grace, V. J. Skoglund. 

RILEY, THoMas M., Assistant Professor of 
Electrical Engineering, Norwich Univer- 
sity, Northfield, Vt. H. A. Maxfield, R. 
F, Marsh. 

Roark, Ivan W., Associate Professor of 
Engineering Drawing, University of Tulsa, 
Tulsa, Okla. R. L. Langenheim, W. L. 
Nelson. 

ROBINSON, Byron M., Instructor in Me- 
chanical Engineering, University of Penn- 
sylvania Philadelphia, Pa. A. Jorgensen, 
D. T. Harroun. 

Rumer, JOHN L., Assistant Professor of 
Civil Engineering, Drexel Institute of 
Technology, Philadelphia, Pa. R. V. Giles, 
L. P. Mavis. 

Rust, CHARLES H., Assistant Professor of 
Mathematics, John Carroll University, 
Cleveland, Ohio. H. Gudebski, R. H. 
McCormack. 

Sartor, SAMUEL, Instructor in Civil Engi- 
neering, Rutgers University, New Bruns- 
wick, N. J. A. J. DelMastro, J. C. Sams. 

SARTELL, JACK A., Instructor in Mining and 
Metallurgy, University of Wisconsin, 
Madison, Wis. D. J. Mack, R. W. Heine. 

Sarver, Jacosp H., Assistant Professor of 
Engineering Drawing, University of Cin- 
cinnati, Cincinnati, Ohio. A. H. Knebel, 
J. L. Baker. 

ScHaDE, Henry A., Director of Engineering 
Research and Professor of Mechanical En- 
gineering, University of California, Berke- 
ley 4, Calif. 

ScHMITZ, NorBERT L., Assistant Professor of 
Electrical Engineering, University of Wis- 
consin, Madison, Wis. W. B. Swift, H. 
A. Peterson. 

ScHULTZz, RopertT E., Business Manager, 
Moore School of Electrical Engineering, 
University of Pennsylvania, Philadelphia, 
Pa. H. Sohon, 8. R. Warren, Jr. 
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SHEARER, JESSE L., Assistant Professor of 
Mechanical Engineering, Massachusetts 
Institute of Technology, Cambridge, Mass. 
J. A. Hrones, J. P. Den Hartog. 

SNOWDEN, WayYNE H., Associate Engineer 
and Lecturer, Institute of Trans. and 
Traffic Engineering, University of Cali- 
fornia, Berkeley, Calif. H. E. Davis, R. 
A. Moyer. 

SoHL, CHARLES E., Jr., Instructor in Engi- 
neering, Pennsylvania State College, State 
College, Pa. W. R. Woolrich, A. B. Bron- 
well. 

TaYLorR, Howarp F., Professor of Metal- 
lurgy, Massachusetts Institute of Technol- 
ogy, Cambfidge, Mass. J. Chipman, A. 
B. Bronwell. 

THOMAS, ORVILLE M., Assistant Professor 
of Mathematics, U.S.N, Academy, An- 
napolis, Md. IL. M. Kells, J. M. Holme. 

TirFANY, THOMAS G., Instructor in Archi- 
tectural Engineering, Wentworth Insti- 
tute, Boston, Mass. M. N. Arlin, A. J. 
Martin. 

ToKvE, Toku, Professor, College of Engi- 
neering, Ibarki University, Taga-Machi, 
Ibarki, Pref., Japan. M. Oyama, K. 
Shimizu. 


NEW MEMBERS 


Toprac, A. ANTHONY, Assistant Professor 
of Civil Engineering, University of Texas. 
Austin, Tex. P. M. Ferguson, W. R 
Woolrich. 

Vouz, Cart, Instructor in Electrical Engi- 
neering, Pennsylvania State College, State 
College, Pa. V. E. Neilly, P. E. Shields, 

WacuTerR, WILLIAM M., Chairman, Depart- 
ment of Engineering, University of Ha- 
waii, Honolulu, Hawaii. W. J. Holmes, 
J. G. Bennett. 

WALKER, ARTHUR W., Professor and Head, 
Petroleum Engineering, University of 
Tulsa, Tulsa, Okla. R. L. Langenheim, 
J. C. Klotz. 

WILKES, SHERRELL R., Assistant Professor 
of English, University of Cincinnati, Cin 
cinnati, Ohio. H. A. Dangel, H. K. 
Justice. 

WuLFF, JOHN, Professor of Metallurgy, 
Massachusetts Institute of Technology, 
Cambridge, Mass. J. Chipman, A. M. 
Gaudin. 

YouNGBLOoD, WILLIAM A., Instructor in 
Electrical Engineering, Massachusetts In 
stitute of Technology, Cambridge, Mass. 
T. F. Jones, Jr., C. E. Tucker. 


675 new members elected this year 








Jot It Down.... 


FALL MEETINGS OF A.S.E.E. 
Including CONFERENCES OF 
E.C.R.C. and E.C.A.C.... 


Open to All A.S.E.E. Members 


October 15-17 


STATLER HOTEL 
NEW YORK, N.Y. 


HELD IN CONJUNCTION WITH THE ANNUAL 
MEETING OF E.C.P.D. 











Just Out .... 


Manual of Graduate Study 
in Engineering 
Prepared by the Graduate Study Committee of ASEE. Order 


your copy now from ASEE Headquarters. 50¢ per copy. Please 
enclose a remittance with order. 





Fifth College-Industry Conference 
Proceedings Available 


Eleven papers from the 5th College-Industry Conference, spon- 
sored by the Relations With Industry Division of ASEE at North- 
western University on January 31, 1953, are available in mimeo- 
graphed form. These can be ordered from the Secretary, ASEE 
Office, Northwestern University, Evanston, Ill. The price is 50¢ 
per copy. Please enclose a remittance with your order. 





Reprints of the Report oF THE COMMITTEE ON IMPROVEMENT OF 
TEACHING, which appeared in the September, 1952 issue of the Jour- 
NAL, are available for 15¢ per copy in quantities under 100 and 
$8.00 per hundred. Orders should be sent to the ASEE Office, 
Northwestern University, Evanston, Illinois. Please enclose remit- 
tance. 
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TEACHING POSITIONS AVAILABLE 


The following rules were adopted by the General Council of the ASEE: 


1. The privilege of advertising for teaching positions is extended only to colleges 
and technical institutes which are either Active or Affiliate Institutional Members of 
the ASEE. 

2. Advertisements must be for positions available only. No advertisements will be 
accepted for an individual seeking a job. 

3. Advertisements should not specify salaries. 

4. Advertisements must be submitted not later than the first day of the month pre- 
ceding the month of issue. _ 

5. Because of limited staff, the ASEE headquarters cannot maintain personnel files 
_ or supply detailed information about jobs. In replying to blind ads, address letters to 

American Society for Engineering Education, Northwestern University, Evanston, Ill- 
nois and give blind ad number. 
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POSITION OPEN FOR MECHANICAL 
Engineering Teacher. Supervise Mechani- 
cal Engineering Laboratory and teach some 
courses. Opportunities for graduate study, 
research, and outside consulting work. 
Salary and rank based on applicant’s quali- 
fications. Please contact Head, Depart- 
ment of Mechanical Engineering, Washing- 
ton University, St. Louis 5, Missouri. 





ASSISTANT PROFESSOR OF ME- 
chanical Engineering to instruct under- 
graduate students in basic courses. M.S. 
degree plus teaching and/or industrial ex- 
perience. Send applications to J. T. Strate, 
Head of Mechanical Engineering Depart- 
ment, Colorado A & M College, Fort Col- 
lins, Colorado. 





INSTRUCTOR—RECENT M.E. OR C.E. 
graduate to teach engineering drawing and 
descriptive geometry and work toward M.S. 
Write to L. N. Gulick, 109 Engineering 
Building, University of Pennsylvania, Phil- 
adelphia 4, Pennsylvania. 


THE UNIVERSITY OF AKRON CO- | 
operative program. Asst, Prot. E.E. Elec- | 
tronics specialty with M. S. degree and in- 
dustrial experience. For twelve-month ap- 
pointment. Salary open. Write to: K. F. | 
Sibila, Head, E.E. Dept., Akron 4, Ohio. 





ANTIOCH COLLEGE, YELLOW | 


Springs, Ohio. Assistant or Associate Pro- | 
fessor of Mechanical Engineering, prefer- | 
ably with both teaching and industrial ex- 
perience, to teach courses in heat power, 
kinematics, and machine design, and to | 
supervise mechanical engineering ‘program. | 
Write to: Professor R. A. Voelker, Chair- | 
man, Department of Engineering, Antioch 
College. 





INSTRUCTOR TO ASSIST IN DRAW- 
ing Department and to take charge of 
Mechanical Laboratory and head up labora- 
tory courses in Mechanical Engineering 
Department. Location Rocky Mountain 
Area. 





INSTRUCTORS FOR PENN STATE 
off campus centers—two year college ter- 
minal programs—Electrical, Mechanical, 
Structural Design subjects. Faculty par- 
ticipates in Hospitalization, Retirement, 
Insurance and Tenure plans. Apply to 
Terminal Study Dept., Central Extension 
Bldg., State College, Pa. 





INSTRUCTOR OR ASSISTANT PRO- 
fessor of Electrical Engineering; M.S. 
Desired with specialization in power; to 
teach machinery and circuits courses, Posi- 
tion available September, 1953. Send ap- 
plication to Chairman, Department of Elec- 
trical Engineering, State College Station, 
Fargo, North Dakota. 
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100 MILLIMETERS 


INSTRUCTIONS Resolution is expressed in terms of the lines per millimeter recorded by a particular 
film under specified conditions. Numerals in chart indicate the number of lines per millimeter in adjacent 
“T-shaped” groupings. 

In microfilming, it is necessary to determine the reduction ratio and multiply the number of lines in the 
chart by this value to find the number of lines recorded by the film. As an aid in determining the reduction 
ratio, the line above is 100 millimeters in length. Measuring this line in the film image and dividing the length 
into 100 gives the reduction ratio. Example: the line is 20 mm. long in the film image, and 100/20 Si 


amine “T-shaped” line groupings in the film with microscope, and note the number adjacent to finest 
lines recorded sharply and distinctly. Multiply this number by the reduction factor to obtain resolving power 
in lines per millimeter. Example: 7.9 group of lines is clearly recorded while lines in the 10.0 group are 
not distinctly separated. Reduction ratio is 5, and 7.9 x 5 39.5 lines per millimeter recorded satisfacto- 
rily. 10.0 x § §0 lines per millimeter which are not recorded satisfactorily. Under the particular condi- 
tions, maximum resolution is between 39.5 and 50 lines per millimeter. 
Resolution, as measured on the film, is a test of the entire photographic system, including lens, exposure, 
processing, and other factors. These rarely utilize maximum resolution of the film. Vibrations during 
exposure, lack of critical focus, and exposures yielding very dense negatives are to be avoided. 





